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Description 

[0001] The present invention relates to a production 
method of a semiconductor dynamic sensor having a 
thin thickness structure such as a semiconductor accel- s 
eration sensor, a semiconductor pressure sensor or the 
like. 

[0002] The conventional semiconductor dynamic 
sensor has a thin thickness structure in its interior, 
wherein distortion is generated by allowing a dynamic 
quantity such as acceleration, pressure or the like to act 
on this thin thickness structure, and the distortion is elec- 
trically detected according to a piezoresistance change, 
a capacity change or the like. 
[0003] As an effective production method for the thin 
thickness structure which serves as a distortion-causing 
portion, for example, an electrochemical etching meth- 
od proposed by an official gazette of Japanese Patent 
Laid-open No. 62-61374 and the like is known. 
[0004] Namely, the official gazette of Japanese Pat- 
ent Laid-open No. 62-61 374 discloses an electrochem- 
ical etching method for silicon substrates in which a P- 
type substrate having an N-type layer is immersed in an 
etching solution to oppose an electrode plate, a voltage 
is applied between the N-type layer and the electrode 
plate to perform anisotropic etching of the P-type sub- 
strate, and a distortion-causing portion and a separation 
groove of a semiconductor dynamic sensor are formed. 
[0005] In addition, the above-mentioned official ga- 
zette discloses the fact that the etching automatically 
stops when it arrives at the N-type layer. 
[0006] From document IEEE Transactions on Elec- 
tron Device, vol. 36, no. 4, April 1989, New York, U.S., 
pages 663 to 669, a method to control the thickness of 
silicon membranes is known. A technique of an electro- 
chemical etch-stop on an epitaxial layer is described to 
yield thickness control over the membranes. 
[0007] It is an object of the present invention to devel- 
op a method for producing a semiconductor dynamic 
sensor to the effect that a high signal noise ratio of the 
sensor is achieved. 

[0008] The object is solved by a method in accord- 
ance with claim 1 . 

[0009] According to experiments and consideration 
by the present inventors, it has been revealed that the 
etching stop position in the above-mentioned electro- 
chemical etching terminates at the P-type substrate side 
as the material subjected to the etching rather than at 
the PN junction plane at which the etching has been con- 
sidered to stop. Moreover, it has been found that the dis- 
tance from the PN junction plane to the etching termi- 
nation position disperses depending on each impurity 
concentration of the N-type layer and the P-type sub- 
strate and the change in the application voltage. 
[0010] Therefore, for example, the thickness of the 
distortion-causing portion (for example, a diaphragm 
portion) of the semiconductor dynamic sensor has been 
hitherto set in accordance with the thickness of the N- 



type layer, however, an actual thickness of the distor- 
tion-causing portion becomes not less than the above, 
and consequently an actually obtained distortion 
amount of the distortion-causing portion is smaller than 
a theoretically calculated value, which results in de- 
crease in the designed accuracy of the sensor. 
[0011 ] This fact may cause further problems when the 
distortion-causing portion is made to have a marked thin 
thickness as compared with those in the prior art in ac- 
cordance with the demand for increasing the sensitivity 
of the sensor. Namely, in the prior art, the thickness of 
the distortion-causing portion to be made to have the 
thin thickness by the above-mentioned etching is, for ex- 
ample, several 1 0 u.m which is relatively thick, so that 
even when the thickness of the distortion-causing por- 
tion disperses due to the dispersion in the etching ter- 
mination position, the influence on the sensor sensitivity 
thereby has been small. However, when it is intended 
to obtain high sensitivity by allowing the distortion-caus- 
ing portion to have a thin thickness such as for example 
several urn, the above-mentioned dispersion causes 
large dispersion in the sensitivity. 
[001 2] In the invention of the present application, the 
cause of the dispersion has been discovered for the first 
time, and on the basis of the knowledge obtained there- 
from, the etching stop position in the electrochemical 
etching is precisely predicted, so as to minutely control 
the thickness of the distortion-causing portion. 
[001 3] Concretely, there are provided following steps: 

a step of preparing a wafer in which a monocrystal 
semiconductor layer of the first conductive type of 
a predetermined thickness is formed on a monoc- 
rystal semiconductor substrate of the second con- 
ductive type; 

a step of forming a semiconductor distortion detect- 
ing means in the monocrystal semiconductor layer; 
a step of forming a thin thickness portion having a 
thickness T by immersing the wafer in an etching 
solution to oppose said monocrystal semiconductor 
substrate of the second conductive type to an elec- 
trode, and applying a voltage between said monoc- 
rystal semiconductor layer of the first conductive 
type and said electrode to perform electrochemical 
etching of said monocrystal semiconductor sub- 
strate of the second conductive type; and 
a step of setting said predetermined thickness W of 
said monocrystal semiconductor layer of the first 
conductive type using 

W = T - (2KeVt / (qNb(1 + Nb/Ne))) 1/2 

provided that the dielectric constant of the monoc- 
rystal semiconductor is K, the vacuum dielectric 
constant is e, the sum of said application voltage 
during the electrochemical etching and the barrier 
voltage at 0 bias is Vt, the electric charge amount 
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of electron is q, the impurity concentration of said 
semiconductor substrate is Nb, and the impurity 
concentration in said semiconductor layer is Ne. 

[001 4] According to experiment results by the present 
inventors, it has been found that the distance from the 
PN junction plane to the etching stop position is approx- 
imately equal to the depletion layer width of the second 
conductive type semiconductor portion (semiconductor 
portion at the side subjected to etching) of the PN junc- 
tion portion. Namely, the etching terminates at the for- 
ward end of the depletion layer. 
[0015] Therefore, in the present invention, with re- 
spect to the thickness of the distortion-causing portion, 
the setting is made such that in addition to the thickness 
of the above-mentioned first conductive type semicon- 
ductor portion, the depletion layer width, which extends 
from the above-mentioned PN junction to the side of the 
second conductive type semiconductor portion during 
the electrochemical etching, is estimated, so that it is 
possible to precisely control the thickness of the thin 
thickness shaped distortion -causing portion. 

Fig. 1 is a perspective view of a semiconductor ac- 
celeration sensor chip, 

Fig. 2 is a plan view of the sensor chip in Fig. 1, 
Fig. 3 is a cross-sectional view taken along A-A in 
Fig. 2, 

Fig. 4 is a figure of a bridge circuit of this sensor, 
Fig. 5 to Fig. 9 are cross-sectional views showing 
production steps of the sensor chip in Fig. 1 , 
Fig. 10 and Fig. 11 are figures showing an electro- 
chemical etching method, 
Fig. 12 is an illustrative cross-sectional view of the 
sensor element, 

Fig. 13 is a figure of characteristics showing a rela- 
tion between the bridge sensitivity of the sensor 
shown in Fig. 1 and the thickness of the thin thick- 
ness distortion-causing portion (beam), 
Fig. 14 is a figure of characteristics showing a rela- 
tion between the application voltage in the electro- 
chemical etching and the thickness of the thin thick- 
ness distortion-causing portion, 
Fig. 15 is a figure of characteristics showing a rela- 
tion between the impurity concentration in the sub- 
strate in the electrochemical etching and the thick- 
ness of the thin thickness distortion-causing por- 
tion, 

Fig. 16 is a figure of characteristics showing a rela- 
tion between the application voltage and the leak 
current, 

Fig. 17 is a figure of characteristics showing a rela- 
tion between the leak current and the bridge output 
voltage, 

Fig, 18 is an illustrative cross-sectional view show- 
ing the passage for the leak current, 
Fig. 1 9 is a cross-sectional view showing a modified 
embodiment of the first example, 



Fig. 20 is a cross-sectional view of an integrated 
semiconductor pressure sensor in which the sec- 
ond example is applied, 

Fig. 21 is a cross-sectional view of the sensor chip 
5 in Fig. 20, and 

Fig. 22 is a cross-sectional view of the sensor chip 
in Fig. 20. 



[0016] The present invention will be explained here- 
inafter on the basis of examples shown in the drawings. 



[0017] One example of the semiconductor accelera- 
tion sensor in which this invention is applied will be ex- 
plained hereinafter in accordance with the drawings. 
[0018] Fig. 1 shows a perspective view of this semi- 
conductor acceleration sensor, Fig. 2 shows a plan view 
of the semiconductor acceleration sensor, and Fig. 3 
shows a cross-section taken along A-A in Fig. 2. The 
present sensor is used for the ABS system of automo- 
biles. 

[0019] A silicon chip 2 having a rectangular plate 
shape is joined on a pedestal 1 having a rectangular 
plate shape composed of Pyrex glass. The silicon chip 
2 has a first support portion 3 of a rectangular frame 
shape with its back main face which joins to the pedestal 
1 , and the first support portion 3 is formed with four sides 
of the silicon chip 2. At the inside of the first support por- 
tion 3 of the silicon chip 2 are provided upper separation 
grooves 4a, 4b, 4c, 4d and a lower separation grooves 
10 in concave shapes, and the upper separation 
grooves 4a, 4b, 4c, 4d and the lower separation grooves 
10 are communicated to form a penetrating groove 
which penetrates through the chip 2. The C-shaped up- 
per separation grooves 4d formed at the inside of the 
rectangular frame shaped first support portion 3 and the 
lower separation grooves 1 0 under the upper separation 
groove 4d are used to partition and form a second sup- 
port portion 11 having a thick thickness ]-shape and a 
thick thickness connecting portion 12, and the second 
support portion 11 is connected with the first support 
portion 3 by the connecting portion 12. Further, thin 
thickness distortion-causing portions 5, 6, 7, 8 having a 
thin thickness are provided to extend from the inner side 
face of the second support portion 11, and with the for- 
ward ends of the thin thickness distortion-causing por- 
tions 5, 6, 7, 8 is connected a weight portion 9 having a 
thick thickness rectangular shape. 
[0020] Namely, the second support portion 11 is con- 
nected through the connecting portion 12 with the thick 
thickness first support portion 3 which joins to the ped- 
estal 1 , and the weight portion 9 is supported at both 
ends through the thin thickness distortion-causing por- 
tions 5-8 from the second support portions 11 . The lower 
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separation grooves 1 0 are formed below the upper sep- 
aration grooves 4a, 4b, 4c, 4d and the thin thickness 
distortion-causing portions 5-8, and the upper separa- 
tion grooves 4a, 4b, 4c, 4d communicate with the lower 
separation grooves 10 to form the penetrating groove 
which penetrates through the chip 2. 
[0021] Piezoresistance regions 13a, 13b, 14a, 14b, 
15a, 15b, 16a, 16b are formed on surface portions of 
the thin thickness distortion-causing portions 5-8 as two 
individuals for each. Further, as shown in Fig. 3, a con- 
cave portion 17 is formed at the central portion of the 
upper face of the pedestal 1 , so as not to make contact 
when the weight portion 9 is displaced upon the appli- 
cation of acceleration. 

[0022] An aluminum wiring arrangement pattern on 
the surface of the silicon chip 2 is shown in Fig. 2. 
[0023] There are arranged a wiring arrangement 18 
for grounding, a wiring arrangement 19 for applying a 
power source voltage Vcc, and wiring arrangements 20, 
21 for output for taking out an electric potential differ- 
ence corresponding to acceleration. In addition, another 
set of four types of wiring arrangements are prepared 
with respect to these wiring arrangements. Namely, 
there are formed a wiring arrangement 22 for grounding, 
a wiring arrangement 23 for applying the power source 
voltage, and wiring arrangements 24, 25 for output for 
taking out an electric potential difference corresponding 
to acceleration. At a halfway portion of the wiring ar- 
rangement 19 for applying the power source voltage is 
interposed an impurity diffusion layer 26 of the silicon 
chip 2, and the wiring arrangement 18 for grounding 
crosses over the impurity diffusion layer 26 through a 
silicon oxide film. In the same manner, the wiring ar- 
rangement 23 for applying the power source voltage is 
connected to the wiring arrangement 1 9 for applying the 
power source voltage through an impurity diffusion layer 
27, the wiring arrangement 22 for grounding is connect- 
ed to the wiring arrangement 18 for grounding through 
an impurity diffusion layer 28, and the wiring arrange- 
ment 24 for output is connected to the wiring arrange- 
ment 20 for output through an impurity diffusion layer 
29. In addition, the wiring arrangements 21 and 25 for 
output are connected through an impurity diffusion layer 
30 for resistance adjustment. In addition, in the present 
example, wiring connection is made using the wiring ar- 
rangements 18-21. 

[0024] Each of the piezoresistance regions 13a, 13b, 
14a, 14b, 15a, 15b, 16a, 16b forms a Wheatstone bridge 
circuit as shown in Fig. 4, wherein a terminal 31 is a 
terminal for grounding, a terminal 32 is a terminal for 
applying the power source voltage, and terminals 33 
and 34 are output terminals for taking out the electric 
potential difference depending on acceleration. 
[0025] Next, a production method for this sensor will 
be explained on the basis of Fig. 5 to Fig. 9. Incidentally, 
Fig. 5 to Fig. 9 show cross-sections taken along A-A in 
Fig. 2. 

[0026] At first, as shown in Fig. 5, a wafer (the semi- 



conductor member as referred to in the present inven- 
tion) 40, which has an n-type epitaxial layer (the first 
conductive type semiconductor portion as referred to in 
the present invention) 42 on a p-type substrate (the sec- 

5 ond conductive type semiconductor portion as referred 
to in the present invention) 41 having a plane azimuth 
of (100), is prepared, P + diffusion layers 43 are formed 
as the piezoresistance regions 13a t 13b, 14a, 14b, 15a, 
15b, 16a, 16b, n + diffusion layers 44 are formed at sur- 

10 face portions of planned regions in which the upper sep- 
aration grooves 4a, 4b, 4c, 4d are etched as electrode 
contacts during electrochemical etching, and an n + dif- 
fusion layer (not shown) for electric potential fixation for 
fixing the electric potential of the epitaxial layer 42 is 

15 formed at a surface portion of a region not subjected to 
the above-mentioned etching of the epitaxial layer 42. 
[0027] Thereafter a silicon oxide film (not shown) 
formed on the epitaxial layer 42 is selectively opened, 
on which the aluminum wiring arrangements 18-25 (see 

20 Fig. 2, but illustration is omitted in Fig. 5 to Fig. 8) are 
formed. 

[0028] In addition, the aluminum wiring arrangements 
1 8-25 are contacted at predetermined positions of the 
p + diffusion layer 43, thereafter a passivation insulation 

25 film (not shown) comprising a silicon oxide film or the 
like is accumulated, the passivation insulation film is se- 
lectively opened to form a contact hole for wire bonding, 
and subsequently the passivation insulation film is 
opened to provide an aluminum contact portion (not 

30 shown) for current application which contacts with the 
n + diffusion layer 44. 

[0029] Next, a plasma nitride film (P-SiN) 45 is formed 
on the surface (back main face) of the substrate 41 ex- 
cept for the etching planned region for the lower sepa- 
35 ration grooves 1 0, and a resist film which is not illustrat- 
ed (not shown) is used to perform photo-patterning of 
the plasma nitride film 45. 

[0030] Next, a resist film 49 is applied by spinning on 
the front main face of the wafer 40, that is the surface 

40 of the epitaxial layer 42 to serve as the etching planned 
regions for the upper separation grooves 4a, 4b, 4c, 4d, 
so as to perform photo-patterning. Incidentally, the 
above-mentioned silicon oxide film and the passivation 
insulation film on the etching planned regions for the up- 

45 per separation grooves 4a, 4b, 4c, 4d are removed be- 
forehand, and the above-mentioned aluminum contact 
portion is exposed at the surface of the epitaxial layer 
42 exposed due to the photo-patterning of the resist film 
49. Incidentally, the resist film 49 is a PIQ (polyimide) 

so film. 

[0031 ] Next, as shown in Fig. 6, electrochemical etch- 
ing of the wafer 40 is performed to form the lower sep- 
aration grooves 10. 

[0032] This electrochemical etching will be explained 
55 herein in detail using Fig. 10 and Fig. 11. 

[0033] At first, a hot plate (200 °C, not shown) is joined 
to the back face of a support substrate 46, a resin wax 
W is placed on the support substrate 46 to soften it, the 
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front main face of the wafer 40 is placed and adhered 
thereon with interposing a platinum ribbon 59, and 
thereafter the support substrate 46 and the wafer 40 are 
detached from the hot plate so as to cure the resin wax 
W. The forward end portion of the platinum ribbon 59 is 
formed to have a wave shape, the forward end portion 
of the platinum ribbon 59 is pressurized to the above- 
mentioned aluminum contact portion by its own elastic- 
ity in the cured state of the above-mentioned resin wax 
W, and good electric contact is provided with respect to 
the above-mentioned aluminum contact portion. Inci- 
dentally, the resin wax W coats the side face of the wafer 
40. 

[0034] In this state, the wafer 40 and the support sub- 
strate 46 are perpendicularly hung in an etching tank 61 , 
which are immersed in an etching solution (for example, 
33 wt% KOH solution, 82 °C. A platinum electrode plate 
62 is perpendicularly hung as opposing the back main 
face of the wafer 40, a predetermined voltage (at least 
0.6 V, but 2 V in this case) is applied between the plat- 
inum ribbon 59 and the platinum electrode plate 62 in 
which the wafer 40 side is positive, and the electrochem- 
ical etching is performed. By doing so, an electric field 
is formed from the platinum ribbon 59 through the alu- 
minum contact portion, the n + diffusion layer 44 and the 
epitaxial layer 42 to the P-type substrate 41 to make re- 
verse bias of the junction between the both, the electro- 
chemical etching (anisotropic etching) of the substrate 
41 is performed, and the lower separation grooves 10 
are formed in the substrate 41 . When the etching arrives 
at the vicinity of the junction portion between the sub- 
strate 41 and the epitaxial layer 42, an anodic oxidation 
film (not shown) is formed, and the etching speed is 
markedly reduced, so that the etching stops at the vicin- 
ity of the junction portion. 

[0035] Next, as shown in Fig. 7, after the nitride film 
45 is removed with hydrofluoric acid, the support sub- 
strate 46 is placed on the hot plate to soften the resin 
wax W, the wafer 40 is separated from the support sub- 
strate 46, the separated wafer 40 is immersed in an or- 
ganic solvent (for example, trichloroethane), the resin 
wax W is dissolved and washed to take out the wafer 
40, and thereafter a resist 50 is applied onto the back 
main face of the wafer 40 for the entire surface. 
[0036] Incidentally, since this resist 50 is not for pho- 
topatterning, it is sufficient to only allow a resist solution 
to flow, and it is unnecessary to perform vacuum chuck 
of the wafer 40 on a spinning table of a spinning appa- 
ratus as in the case of resist application for photopat- 
terning (for example, the resist film 49). 
[0037] Next, as shown in Fig. 8, dry etching of the epi- 
taxial layer 42 is performed from the opening of the resist 
film 49 to form the upper separation grooves 4a, 4b, 4c, 
4d. 

[0038] Next, as shown in Fig. 9, the resist film 49 is 
removed by oxygen ashing, the resist 50 is removed to 
complete the upper separation grooves 4a, 4b, 4c, 4d, 
and the upper separation grooves 4a, 4b, 4c, 4d are 



communicated with the lower separation grooves 10 to 
form the penetrating groove. Subsequently the wafer 40 
is joined onto the pedestal 1 , and finally dicing is perform 
to make a chip, thereby the sensor chip shown in Fig. 1 

5 to Fig. 3 is produced. 

[0039] The design of the high sensitivity sensor capa- 
ble of reducing the leak current including the setting 
method for the thickness of the thin thickness distortion- 
causing portions 5-8 as an important part of the present 

10 example will be explained hereinafter in turn with refer- 
ence to Fig. 12. 

(Determination of the thickness of the thin thickness 
distortion-causing portions 5-8) 

15 

[0040] In the present example, the bridge sensitivity 
of the sensor is 0.7 mV/G. According to this target bridge 
sensitivity, on the basis of a relation between the bridge 
sensitivity and the thickness of the thin thickness distor- 
20 tion-causing portions 5-8 shown in Fig. 1 3, the thickness 
T of the thin thickness distortion-causing portions 5-8 is 
determined. It is understood that T may be 5.3 \\m in this 
case. 

25 (Determination of the bridge input voltage) 

[0041] In this example, the bride input voltage Vcc, 
which is applied between the high level input terminal 
and the low level input terminal of the bridge constituted 
30 by connecting the piezoresistance regions 13a, 13b, 
14a, 14b, 15a, 15b, 16a, 16b as shown in Fig. 4, is 12 
V, and the low level input terminal of the bridge is 
grounded. 

[0042] This is due to the fact that the signal processing 
35 circuit unit and the power source voltage in the latter 
stage are made common, in order to realize simplifica- 
tion of the power source unit, simplification of wiring ar- 
rangement, and compatibility. 

[0043] In this state, the thin thickness distortion-caus- 
40 ing portions 5-8 constitute junction diodes with the pie- 
zoresistance region, that is the P + region 43, so that the 
electric potential of the thin thickness distortion-causing 
portions 5-8 becomes a value (about 0.7 V) which is 
higher by a barrier electric potential between the both, 
45 however, in this specification, the electric potential of the 
thin thickness distortion-causing portions 5-8 is approx- 
imately regarded to be equal to the highest electric po- 
tential of the P + region 43. 

[0044] Incidentally, the substrate 41 and the thin thick- 
so ness distortion-causing portions 5-8 are in the resist- 
ance connection state at the chip end face, and the sub- 
strate 41 can be regarded to have an electric potential 
equal to that of the epitaxial layer 42 (thin thickness dis- 
tortion-causing portions 5-8). 
55 [0045] Alternatively, it is also available that the n + re- 
gion for fixing the electric potential is formed as de- 
scribed above on the surface of the epitaxial layer 42, 
and this n + region is connected to the aluminum wiring 



5 



9 



EP 0 588 371 B1 



10 



arrangements 19, 23 (Vcc line). This n+ region can be 
formed by the same process as that for the n+ region 
44. By doing so, the electric potential change in the epi- 
taxial layer 42 is suppressed, and the change in the out- 
put signal voltage due to this electric potential change 
can be suppressed. It is of course possible to give a di- 
rect current electric potential which is different from the 
power source voltage that is the aluminum wiring ar- 
rangements 19, 23 to the above-mentioned n + region, 
however, in this case, an input terminal for fixing the 
electric potential of the epitaxial layer 42 and a power 
source are newly required, which only results in complex 
device constitution, and is not a wise policy. Namely, it 
is simplest that the high level input terminal 32 of the 
bridge and the epitaxial layer 42 are fixed to be the same 
electric potential (or including the above-mentioned ap- 
proximately the same electric potential). 

(Determination of the impurity concentration in the 
substrate 41) 

[0046] According to the above-mentioned electro- 
chemical etching, as clarified for the first time in this case 
from experimental characteristic figures of Fig. 14 and 
Fig. 1 5 as described hereinafter, it is considered that the 
etching stops at the forward end at the side of the sub- 
strate 41 of the junction depletion layer of the epitaxial 
layer 42 and the substrate 41 . Therefore, in this exam- 
ple, the impurity concentration in the substrate 41 is set 
-to be 3 x 10 17 atoms/cm 3 . Next, the reason thereof will 
be explained. 

[0047] Namely, at the back face of the distortion-caus- 
ing portion of the sensor, the plane-shaped depletion 
layer or the second conductive type channel (hereinafter 
referred to as the back face channel) is formed, and due 
to contamination, large amounts of recombination cent- 
ers, levels, traps and the like are formed. Further, on 
account of the electrochemical etching, the end portion 
of the semiconductor substrate of the same conductive 
type as the piezoresistance region is located on the 
same straight line as the back face of the distortion- 
causing portion. Therefore, in the case of the use as a 
sensor, when the junction depletion layer between the 
P + region 43 and the epitaxial layer 42 (thin thickness 
distortion-causing portions 5-8) arrives at the back face 
of the distortion-causing portion, the reverse bias cur- 
rent (hereinafter referred to as the leak current) between 
the piezoresistance region and the distortion-causing 
portion increases, the leak current flows between the pi- 
ezoresistance region and the substrate through the 
back face channel and the above-mentioned junction 
depletion layer, and the leak current due to direct punch- 
through flows between the substrate and the piezore- 
sistance region without passing through the above- 
mentioned back face channel. As described above, it is 
considered that the PN junction between the substrate 
41 and the epitaxial layer 42 makes a short circuit due 
to parasitic resistance at the end face portion and the 



like, so that the above-mentioned leak current flows 
from the piezoresistance region through the substrate 
to the distortion-causing portion. Incidentally, as de- 
scribed above, the distortion-causing portion is usually 
s connected to one end of the piezoresistance region, and 
the 0 bias barrier electric potential is given with respect 
to one end of the piezoresistance region even when 
there is no connection, so that consequently the above- 
mentioned leak current flown into the distortion-causing 
10 portion is added to the signal current flowing in the pie- 
zoresistance region and outputted. In addition, this leak 
current contains large amounts of heat noise (which is 
proportional to a square root of R), fluctuation noise, 1/f 
noise and popcorn noise, and its current passage is un- 
15 stable, so that the change is large, the change ratio due 
to temperature change is also large, resulting in the level 
change in the sensor output voltage and the decrease 
in the S/N ratio. Therefore, in order to suppress the in- 
fluence by the leak current, on condition that a certain 
degree of the thickness of the epitaxial layer 42 is en- 
sured, it is necessary to make the thickness of the thin 
thickness distortion-causing portions 5-8 to be markedly 
thinner than those in the prior art. 
[0048] In this case, according to experiments by the 
present inventors, it has been clarified that the etching 
stop position during the electrochemical etching stops 
at the forward end extending to the side of the substrate 
41 of the junction depletion layer between the epitaxial 
layer 42 and the substrate 41 depending on the voltage 
applied during the etching. 

[0049] In Fig. 14, illustration is made using a plot for 
the change in the thickness of the thin thickness distor- 
tion-causing portions 5-8 when the thickness of the epi- 
taxial layer 42 We is 6 urn, and the application voltage 
Vc is changed in the electrochemical etching in Fig. 6. 
In addition, the sum (calculated value) of the depletion 
layer width Wb at the side of the substrate 41 and the 
thickness we of the epitaxial layer 42 is illustrated as a 
characteristic line. 

[0050] According to Fig. 14, it is understood that the 
thickness of the thin thickness distortion-causing por- 
tions 5-8 coincides with Wb+We. 
[0051] In addition, in the electrochemical etching in 
Fig. 6, the change in the thickness of the thin thickness 
distortion-causing portions 5-8 is shown as a plot in Fig. 
15 when the thickness We of the epitaxial layer 42 is 6 
urn, the application voltage Vc is 2 V, the impurity con- 
centration in the epitaxial layer 42 is 7 x 1 0 15 atoms/cm 3 , 
and the impurity concentration Nb in the substrate 41 is 
changed. In addition, the sum (calculated value) of the 
depletion layer width Wb at the side of the substrate 41 
and the thickness We of the epitaxial layer 42 is illus- 
trated as a characteristic line. 
[0052] Also from Fig. 15, it is understood that the 
thickness of the thin thickness distortion-causing por- 
tions 5-8 coincides with Wb+We. 
[0053] According to the above-mentioned experiment 
results, it is understood that in order to make the thick- 
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ness T of the thin thickness distortion-causing portions 
5-8 to be the designed thickness, it is preferable to use 
T=We+Wb . 

[0054] Therefore, in order to allow the stop position of 
the electrochemical etching to approach the junction be- 
tween the epitaxial layer 42 and the substrate 41 as 
close as possible, the portion extending to the side of 
the substrate 41 of the junction depletion layer may be 
narrowed. For this purpose, it is necessary that the im- 
purity concentration in the substrate 41 is made to be a 
high concentration as far as possible. On the other hand, 
according to experiments, it has been clarified that when 
the impurity concentration in the substrate 41 is not less 
than 2 x 10 18 atoms/cm 3 , the etching speed lowers, and 
the etching of the substrate 41 becomes difficult. In ad- 
dition, when the application voltage is not more than 0.6 
V, the anodic oxidation film is not formed on the etching 
surface well, so that the etching speed rises, and the 
etching stop becomes difficult. 
[0055] Therefore, when the impurity concentration in 
the substrate 41 is not less than 1 x 10 16 atoms/cm 3 but 
not more than 2 x 10 18 atoms/cm 3 , more preferably 1-8 
x 10 17 atoms/cm 3 , then it becomes possible to provide 
a synergistic effect of the high sensitivity realization and 
the leak current suppression. 

(Determination of the thickness of the epitaxial layer 42) 

[0056] The thickness we (W in the present applica- 
tion) of the epitaxial layer 42 is designed as T-wb pro- 
vided that the thickness of the thin thickness distortion- 
causing portions 5-8 is T=5.3 u.m, and the thickness of 
the etching remaining portion (remaining P-type region) 
of the substrate 41, that is the depletion layer width at 
the side of the substrate 41 is wb. 

we = T - wb (1) 

wb is determined as follows. 

[0057] From the impurity concentration Nb (3 x 10 17 
atoms/cm 3 ) in the substrate 41, and the impurity con- 
centration Ne in the epitaxial layer 42, the width wb ex- 
tending to the side of the substrate 41 of the junction 
depletion layer between the substrate 41 and the epi- 
taxial layer 42 is determined by: 

wb 2 = 2Ke(Vc+V 0 )/(qNb(1 +Nb/Ne)) (2) 

Incidentally, K is the dielectric constant of the silicon, e 
is the vacuum dielectric constant, Vc is the application 
voltage in the electrochemical etching, V 0 is the barrier 
voltage at 0 bias between the epitaxial layer 42 and the 
substrate 41 , q is the electric charge amount of electron, 
and an assumed value is used for Ne. 



(Determination of the impurity concentration and the 
depth of the P + region 43) 

[0058] The depth d of the P+ region 43 for constituting 

s the piezoresistance regions 13a, 13b, 14a, 14b, 15a, 
15b, 16a, 16b can be determined beforehand, which is 
1 .0 um in this case. The impurity concentration in the P* 
region is formed to be a concentration which is higher 
than that in the n-type epitaxial layer 42 by not less than 

10 one digit. The reason thereof is that the junction deple- 
tion layer between the P + region 43 and the n-type epi- 
taxial layer 42 is suppressed to extend to the side of the 
P + region 43, so as to reduce the change in the resist- 
ance value of the P + region 43 due to the electric poten- 

15 tial change in the epitaxial layer 42 and the like. Inciden- 
tally, if the impurity concentration in the P + region 43 is 
too high, there are such harmful influences that its re- 
sistance value becomes small, the electric resistance of 
the aluminum wiring arrangement and the like cannot 

20 be neglected, and the temperature rising due to the in- 
crease in current also becomes impossible to neglect, 
while if the impurity concentration in the P+ region 43 is 
too low, there are generated such harmful influences 
that the resistance noise of each piezoresistance in- 

25 creases, the ratio of the signal current to the leak current 
increases, and the S/N ratio increases. Because of 
these facts, in this case, the impurity concentration in 
the P + region 43 is 1 x 10 20 atoms/cm 3 . 
[0059] Therefore, in this case, it is assumed that ail of 

30 the junction depletion layer between the P + region 43 
and the epitaxial layer 42 extends to the side of the epi- 
taxial layer 42. 

(Determination of the impurity concentration in the 
35 epitaxial layer 42) 

[0060] The effective thickness w of the epitaxial layer 
42 just under the P + region 43 is one obtained by sub- 
tracting the depth d of the P+ region 43 from the thick- 
40 ness we of the epitaxial layer 42. 

[0061 ] When the junction depletion layer DL between 
the P + region 43 and the epitaxial layer 42 arrives at the 
back face of the thin thickness distortion-causing por- 
tions 5-8, the large increase in the leak current and the 
45 noise voltage is generated as described above, so that 
in order to prevent it, it is necessary that the width wdl 
of the junction depletion layer DL is smaller than w=we- 
d=T-wb-d . 

[0062] The width wdl of the junction depletion layer 
so DL can be calculated by the following equation: 

wdl 2 = 2Ke (Vcc+V 0 ) / (qNe (1+Ne/Np)) 
55 = 2Ke (Vcc+V 0 ) / (qNe < (we-d) 2 (3) 

therefore 
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Ne = 2Ke (Vcc+V Q ) / (qxwdl 2 ) 

> 2Ke (Vcc+V 0 ) / (q (we-d) 2 ) (4) 

5 

[0063] Incidentally, Np is the impurity concentration in 
the P + region 43, and Ne is the impurity concentration 
in the N-type epitaxial layer 42. It is preferable that wdl 
has a value which is smaller than the effective thickness 
w of the beam thickness by 1 urn taking safety into con- *o 
sideration. 

[0064] Incidentally, in the above-mentioned calcula- 
tion, if Ne assumed in the stage of (Determination of the 
thickness of the epitaxial layer 42) is greatly different 
from Ne determined herein, it is sufficient to correct the '5 
assumed value of Ne again to try the calculation again. 
[0065] One example of a set of dimensions calculated 
in such a manner is described hereinafter. 
[0066] The application voltage Vcc is 12 V, the impu- 
rity concentration in the substrate 41 is about 3 x 10 17 20 
atoms/cm 3 , the impurity concentration in the epitaxial 
layer 42 is about 7 x 10 15 atoms/cm 3 , the impurity con- 
centration in the P+ region 43 is about 1 x 10 20 atoms/ 
cm 3 , the thickness T of the thin thickness distortion- 
causing portions 5-8 is about 5.3 urn, the depth of the 25 
P+ region 43 is about 1 .0 urn, and the junction depletion 
layer Wdl is about 1 .5 urn. 

[0067] Next, experiment results for confirming the 
above-mentioned increase in the leak current are shown 
in Fig. 16 and Fig. 17, and the reason thereof will be so 
explained on the basis of an illustrative cross-sectional 
view of Fig. 18 and a figure of a simplified equivalent 
circuit shown in the same figure together. However, 
measurement was done using a sample of Fig. 18. In 
this device, the impurity concentration in the substrate 35 

41 was about 3 x 10 17 atoms/cm 3 , the impurity concen- 
tration in the epitaxial layer 42 was about 7 x 1 0 15 atoms/ 
cm 3 , and the impurity concentration in the P+ region 43 
was about 1 x 1 0 20 atoms/cm 3 , wherein the thickness T 

of the thin thickness distortion-causing portion 5 was *o 
about 2.5 \xm which was approximately the same as the 
thickness of the epitaxial layer 42, and the depth of the 
P + region 43 was about 1 .0 urn. In addition, the n + region 
for fixing the electric potential was provided on the sur- 
face of the epitaxial layer 42. *5 
[0068] A variable Vcc was applied between it and the 
P + region 43, and the leak current was investigated. Ac- 
cording to Fig. 16 showing the result thereof, when Vcc 
which allows the forward end of the junction depletion 
layer to approach the back face is applied, namely from so 
the point a at which Vcc exceeds 11 V, the leak current 
begins to conspicuously increase, and breakdown of the 
PN junction takes place at 30 V. In the meantime, the 
width (calculated value) at the side of the epitaxial layer 

42 of the junction depletion layer between the epitaxial 55 
layer 42 and the P + region 43 at Vcc=11 V in the case 

of above-mentioned dimensions is about 1 .5 urn. 
[0069] Next, using three samples A, B and C, the re- 



lation between the leak current and the dispersion in the 
bridge output voltage was investigated. The result there- 
of is shown in Fig. 17. However, details of the samples 
A, B and C are as follows. Dimensions are the same as 
those as described above. However, the thickness of the 
thin thickness distortion-causing portion was 3.5 urn for 
A, 3.0 urn for B, and 2.5 um for C. 
[0070] According to Fig. 1 7, it is understood that when 
the leak current begins to rapidly increase, the disper- 
sion in the output voltage of the bridge rapidly increases. 
[0071] As described above, it has been found that 
when the junction depletion layer arrives at the back 
face of the thin thickness distortion-causing portion 5, 
the current flows in the order of the N+ region for fixing 
the electric potential, the epitaxial layer 42, the substrate 
41 , the back face channel, the junction depletion layer, 
the P + region 43 and the like, the leak current increases, 
and the bridge output voltage disperses. In addition, the 
noise voltage also of course increases. 
[0072] Therefore, as in the present example, the im- 
purity concentration Ne in the thin thickness distortion- 
causing portion (epitaxial layer 42) is made not less than 
2Ke(Vcc+V 0 )/(q(we-d) 2 ), thereby at the rated voltage 
Vcc of the sensor, the junction depletion layer between 
the piezoresistance region and the thin thickness distor- 
tion-causing portion cannot arrive at the PN junction at 
the back face side of the thin thickness distortion-caus- 
ing portion, and consequently the leak current as de- 
scribed above in detail becomes extremely small. Thus, 
the improvement in the sensor sensitivity by the thin 
thickness formation in the distortion-causing portion can 
be realized in a state in which the change in the output 
voltage depending on the magnitude of the leak current 
and the decrease in the S/N ratio are suppressed while 
well maintaining the conformity with peripheral circuits 
such as for example a power source unit and the like. 
[0073] In the above-mentioned example, the impurity 
concentration in the P-type substrate 41 is made con- 
stant, and the thickness of the epitaxial layer 42 is set 
taking the depletion layer width wb into consideration, 
however, instead thereof, it is also preferable that a P+ 
layer (for example, not less than 1 0 18 atoms/cm 3 ) is pro- 
vided on the surface of the P-type substrate 41 . 
[0074] By doing so, the extending amount of the junc- 
tion depletion layer which extends from the junction 
plane between the epitaxial layer 42 and this P+ layer 
toward the side of the P + layer becomes extremely 
small, and consequently the etching can be regarded to 
stop approximately at the above-mentioned junction 
plane, therefore the thickness of the substrate 41 can 
be regarded as a necessary depth for the etching, and 
the operation becomes easy. Further, it is possible to 
reduce the width of the junction depletion layer extend- 
ing to the side of the substrate 41 either by making the 
application voltage small, or by making the impurity con- 
centration in the P-type substrate 41 thick, and the same 
effect as the above can be provided. 
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(Modified embodiment 2) 

[0075] In the example of Fig. 19, a thin n+ epitaxial 
layer (depletion layer stopper region) 70 is formed be- 
tween the n-type epitaxial layer 42 and the p-type sub- 5 
strate 41 . 

[0076] By doing so, the junction depletion layer be- 
tween the P + region 43 and the epitaxial layer 42 is cut 
off by this n + epitaxial layer 70, which cannot arrive at 
the back face junction portion 72 of the thin thickness 
distortion-causing portion 5, and consequently it is pos- 
sible to suppress the increase in the leak current and 
the increase in the noise voltage. 
[0077] This n + epitaxial layer 70 can be formed when 
the impurity doping amount is increased at the initial 
stage of the epitaxial layer 42. In addition, it is also pref- 
erable that an n-type impurity having a diffusion speed 
faster than that of the impurity in the P + substrate 41 is 
doped beforehand on the surface of the P+ substrate 41 , 
so as to form by auto-doping in the epitaxial step for the 
epitaxial layer 42. 

[0078] Incidentally, the impurity concentration in the 
n + epitaxial layer (depletion layer stopper region) 70 is 
not less than 5 x 10 16 atoms/cm 3 , preferably 1 x 10 17 to 
1 x 10 20 atoms/cm 3 . 

Second example 

[0079] Next, an integrated semiconductor pressure 
sensor, in which the second example is applied, will be 
explained in accordance with drawings. 
[0080] In Fig. 20, a silicon chip 1 00 is joined onto a 
pedestal 110 having a hole opened composed of Pyrex 
glass, and the pedestal 110 is joined onto a stem 120. 
130 is a metallic can which is welded to the peripheral 
portion of the stem 120 so as to make the interior to be 
an air-tight standard pressure chamber S. 
[0081] Inner ends of terminal pins 140 fixed to hole 
portions of the stem 120 by seal glass are individually 
connected to each of bonding pads (not shown) on the 
silicon chip 100 by means of wires 150. A concave 
groove 1 00a is dug and provided at the back face of the 
silicon chip 100, and a pressure subjected to measure- 
ment is introduced into the concave groove 100a 
through holes 110a, 120a for introducing the pressure 
subjected to measurement which are provided by pen- 
etrating through the pedestal 110 and the stem 120, re- 
spectively. 

[0082] The above-mentioned concave groove 1 00a is 
formed by anisotropic etching as described hereinafter, 
and a thin thickness portion of the silicon chip 100 ad- 
joining the concave groove 100a is referred to as the 
thin thickness distortion-causing portion A hereinafter. 
[0083] On this silicon chip 100 are formed a Wheat- 
stone bridge circuit comprising two pairs of piezoresist- 
ance regions (two individuals are shown in Fig. 21) R, 
and a bipolar integrated circuit for constituting an ampli- 
fication circuit for amplifying its output signal and a tem- 



perature compensation circuit. 
[0084] The structure of the semiconductor pressure 
sensor of the present example will be explained herein- 
after with reference to Fig. 21 and Fig. 22 showing cross- 
sections of the silicon chip 100. However, Fig. 21 is a 
cross-sectional view at a portion of the piezo resistance 
regions R, and Fig. 22 is one at a portion in which there 
is no piezoresistance region R. Incidentally, in Fig. 21 , 
at the surface portion of the thin thickness distortion- 
causing portion A, actually a pair of the piezoresistance 
regions R are formed at the peripheral portion of. the thin 
thickness distortion-causing portion A, and a pair of the 
piezoresistance regions R are formed being located at 
the central portion, however, in Fig. 21 , only the piezore- 
sistance regions R, R at the peripheral portion of the thin 
thickness distortion-causing portion A are illustrated. 
[0085] The silicon chip 1 00 has a P-type semiconduc- 
tor substrate 102 in which the crystal axis is inclined by 
several degrees with respect to the (110) plane or the 
(100) plane, and at the surface portion of the semicon- 
ductor substrate 1 02 are formed a plurality of N- epitaxial 
layer regions 131, 132, 133 separated with each other 
by P + separation regions 103. The epitaxial layer region 
131 constitutes the surface layer region as referred to 
in the present invention, and the epitaxial layer regions 
132, 133 constitute the active regions as referred to in 
the present invention. 

[0086] The above-mentioned two pairs of piezoresist- 
ance regions R are formed at the surface portion of the 
epitaxial layer region 1 31 , and bipolar transistors T1 , T2 
are individually formed at the epitaxial layer regions 1 32, 
133. Each of these bipolar transistors constitutes a first 
stage transistor of a differential amplifier. Of course, on 
the surface of the silicon chip 100 are formed other epi- 
taxial layer regions (not shown) isolated and separated 
with each other by the P + separation regions 103, and 
resistors and other transistors are formed in these epi- 
taxial layer regions. And the P+ separation regions 103 
are connected to the P-type semiconductor substrate 
102, to provide PN junction separation of each of the 
epitaxial layer regions 131 , 132, 133... with each other. 
[0087] Between the bottom face 1 31 a of the epitaxial 
layer region 131 and the bottom face of the concave 
groove 100a is formed a coating region 104 having a 
predetermined thickness composed of the semiconduc- 
tor substrate 102, and this coating region 104 and the 
epitaxial layer region 131 coated by this coating region 

104 constitute the thin thickness distortion-causing por- 
tion A as referred to in the present invention. 

[0088] Additionally, 105 is aluminum wires for con- 
necting each one end of the piezoresistance regions R 
to each one end of the bipolar transistors T1 , T2, being 
formed on a silicon oxide film 106. The aluminum wire 

105 is contacted with the piezoresistance region R and 
each of other contact portions through openings of the 
silicon oxide film 106. 107 is a passivation film com- 
posed of a plasma nitride silicon film, and 1 07a is an 
opening for wire bonding. 
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[0089] As shown in Fig. 22, an N + contact region 181 
is formed on the surface of the N- epitaxial layer region 
131, and an aluminum wire 182 having one end con- 
nected to the N+ contact region 181 is provided and ex- 
tended on the chip peripheral region. In addition, an s 
opening 107b is provided in the passivation film 107 on 
the chip peripheral region, and the aluminum wire 182 
exposed from this opening 107 is used as an electrode 
during the electrochemical etching. Incidentally, it is 
preferable that this opening 107b is coated and protect- 
ed with an insulation film such as polyimide or the like 
after the electrochemical etching and before the wafer 
scribing, or it is also preferable that the region is exactly 
used for an electrode pad for fixing the electric potential 
which fixes the island electric potential of the epitaxial 
layer region 1 31 at the highest electric potential (Vcc) of 
the circuit. 

[0090] In addition, the P + separation region 103 is 
contacted by an aluminum wire 1 83, thereby the P+ sep- 
aration region and the P-type semiconductor substrate 
102 are fixed at the lowest electric potential (grounding) 
of the circuit. 

[0091 ] The thin thickness distortion-causing portion A 
is distorted due to a differential pressure applied to the 
thin thickness distortion-causing portion A, and the pie- 
zoresistance region R makes displacement which is de- 
tected by the bridge circuit, which is the same as in the 
prior art. 

[0092] Production steps for this sensor will be ex- 
plained hereinafter with reference to Fig. 21. 
[0093] At first, the P substrate 1 02 is prepared, an N+ 
embedding region 171 is diffused, the N-type epitaxial 
layer is subjected to epitaxial growth, and each of the 
piezoresistance regions R, the transistors T1 , T2, resis- 
tors and the like are formed. Namely, using an ordinary 
production process for bipolar integrated circuits, the pi- 
ezoresistance regions R, the P + separation regions 1 03, 
the NPN transistors T1, T2, and each of the resistors 
are formed, and then formation of the silicon oxide film 
106, formation of its contact opening, formation of the 
aluminum wire 105, formation of the P-SiN passivation 
films 107, 108, and formation of the opening 107a for 
wire bonding of the sensor chip and the opening 1 07b 
for the electrochemical etching are successively per- 
formed. 

[0094] Next, the plasma nitride film (P-SiN) 1 08 on the 
surface of the planned region for the formation of the 
concave groove 1 00a is selectively opened. 
[0095] And this wafer 40 is electrochemically etched, 
and the formation of the concave groove 100a is per- 
formed. Incidentally, this electrochemical etching is car- 
ried out in the same manner as the steps shown in Fig. 
10 and Fig. 11 as described above, which is performed, 
for example, by applying a predetermined voltage Vc 
(10 V in this case) between a feeder electrode (the 
above-mentioned aluminum wire 182) which is neces- 
sary during the electrochemical etching and a counter 
platinum electrode in an etching tank. At the final period 



in the electrochemical etching, when the etching arrives 
at the vicinity of the junction portion between the sub- 
strate 102 and the epitaxial layer region 131 , an anodic 
oxidation film (not shown) is formed, and the etching 
speed is markedly reduced, so that the etching stops at 
the vicinity of the junction portion. 
[0096] And the plasma nitride film (P-SiN) 108 is re- 
moved by etching, subsequently the wafer 40 is subject- 
ed to dicing to make a chip. As shown in Fig. 20, this 
chip is joined onto the pedestal 110 by means of the 
electrostatic joining method, and wire bonding 150 is 
performed. 

[0097] As described in detail in the above-mentioned 
first example, the thickness of the thin thickness distor- 
tion-causing portion A after the etching is equal to the 
sum of the thickness of the epitaxial layer region 131 
and the depletion layer width wb extended to the side of 
the P substrate 1 02 depending on the voltage Vc applied 
during the etching. Therefore, without changing the 
semiconductor production process, namely without 
changing the thickness of the epitaxial layer which con- 
stitutes each semiconductor device, it is possible to ob- 
tain the thin thickness distortion-causing portion A hav- 
ing a precisely desired thickens simply by controlling the 
application voltage Vc during the electrochemical etch- 
ing. 

[0098] Moreover, it is easy to obtain the coating region 
104 having the thickness sufficient to protect the back 
face 131a of the epitaxial layer region 131 from contam- 
ination and minute wounds which may be a factor to de- 
crease the sensor S/N ratio during the use of the sensor. 
[0099] Further, in the present example, the impurity 
concentration in the substrate 102 is 1 x 10 15 atoms/ 
cm 3 , the impurity concentration in the epitaxial layer re- 
gion 131 is 2 x 10 1 5 atoms/cm 3 , and the maximum rated 
voltage (maximum value of the voltage permitted to use) 
Vcc applied between the epitaxial layer region 131 and 
the substrate 1 02 is set to be smaller than the etching 
voltage Vc. Therefore, the PN junction depletion layer 
width extending to the side of the semiconductor sub- 
strate 1 02 is made by the etching voltage Vc larger than 
the PN junction depletion layer width extending to the 
side of the above-mentioned semiconductor substrate 
1 02 during the application of the maximum rated voltage 
Vcc of the semiconductor sensor. By doing so, even in 
the case of application of the maximum rated voltage 
Vcc of the semiconductor sensor, the forward end of the 
above-mentioned depletion layer does not arrive at the 
surface of the contaminated coating region 104. There- 
fore, there is no case in which the dark current (leak cur- 
rent) of the depletion layer flows into the epitaxial layer 
region 131 to become the noise current, and it is possi- 
ble to achieve a high S/N ratio as a sensor. 
[01 00] In the case of the sensor of the present second 
example as explained above, the N + contact region 181 
is formed on the surface of the epitaxial layer region 1 31 , 
and this N + contact region 1 81 is communicated with the 
aluminum wire 182 to feed the electricity, however, it is 
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also available that the electricity is fed to the epitaxial 
layer region 131 through an aluminum wire (or a poly- 
silicon wire) connected to the piezoresistance region R. 
In addition, an N+ embedding region may be formed at 
the bottom face 131 a of the epitaxial layer region 131. 5 
[0101] In addition, when plural types of semiconduc- 
tor distortion sensors which are different in the thickness 
of the thin thickness distortion-causing portion A are pro- 
duced by changing the etching voltage Vc with respect 
to each of wafers formed in the same semiconductor io 
production steps, the plural types of sensors having dif- 
ferent characteristics can be produced only by means 
of the voltage value control during the electrochemical 
etching without changing semiconductor production 
steps one by one, so that there is provided such an ex- is 
cellent effect that the plural types of sensors can be pro- 
duced by means of simple production steps. 
[01 02] As described above, the explanation has been 
made for the monocrystal silicon substrate in the above- 
mentioned first and second examples, however, it is a 20 
matter of course that the application can be made to oth- 
er semiconductor materials. In addition, it is a matter of 
course that the application can be made to capacity type 
acceleration sensors as the semiconductor distortion 
sensor. 25 
[01 03] Further, it is also possible to carry out such that 
each of the design concepts of the first example and the 
second example is combined. 



[b] immersing said semiconductor member (40) 
in an etching solution while said PN junction is 
reverse biased by applying a voltage (Vc) for 
reverse-biasing said PN junction between said 
first conductivity type semiconductor region 
(42) and an electrode (62) opposing the second 
conductivity type semiconductor region (41), 
whereby a portion of said second conductivity 
type semiconductor region (41 ) is electrochem- 
ically etched to form a thin thickness shaped 
distortion-causing portion (5-8) at said portion 
of said second conductivity type semiconductor 
region (41); 



wherein 



30 



Claims 



[b1] a magnitude of said reverse-biasing volt- 
age (Vc) applied during said electrochemical 
etching is adjusted such that a depletion layer 
is formed which extends from said first PN junc- 
tion to said second conductivity type semicon- 
ductor region (41 ) by a thickness which is thick- 
er than a thickness of a depletion layer extend- 
ing from said first PN junction to said second 
conductivity type semiconductor region (41) 
upon application of said maximum rated volt- 
age (Vcc) of said semiconductor dynamic sen- 
sor, so that the etching steps at the forward end, 
extending to the second conductivity type sem- 
iconductor region (41 ), of the depletion layer 
extending from the first PN junction. 



1. Method for producing a semiconductor dynamic 
sensor, comprising the steps of 

35 

[a] preparing a semiconductor member (40) in 
which a first conductivity type semiconductor 
region (42) is formed on a second conductivity 
type semiconductor region (41), said first and 
second semiconductor regions (41 , 42) forming *o 
a first PN junction; which step includes a step 
of forming second conductivity type piezore- 
sistance regions (43; 13-1 6b) in said first con- 
ductivity type semiconductor region (42), and 
further includes a step of setting said first con- *s 
ductivity type semiconductor region (42) to 
have an impurity concentration (Ne) which pre- 
vents a depletion layer (DL) extending from a 
second PN junction between said first conduc- 
tivity type semiconductor region (42) and said so 
second conductivity type piezoresistance re- 
gion (43; 13 to 16b) from reaching said first PN 
junction between said first conductivity type 
semiconductor region (42) and said second 
conductivity type semiconductor region (41) ss 
upon application of a maximum rated voltage 
(Vcc) of the sensor between the piezo-resist- 
ance regions, 



2. Method according to claim 1 , characterized in that 
the magnitude of said reverse-biasing voltage (Vc) 
is adjusted to a certain value larger than said max- 
imum rated voltage (Vcc) which is applied to said 
first conductivity type semiconductor region (42). 

3. Method according to claim 1 , characterized in that 
having a thickness I of said thin thickness portion 
(5-8) and a thickness we of said first conductivity 
type semiconductor region (42) satisfy the equa- 
tion: 

we = T - (2Ke (Vc + Vo) / (qNb(1 + Nb / Ne))) 1/2 

wherein K is a dielectric constant of said semicon- 
ductor, e is the vacuum dielectric constant, Vo is a 
barrier voltage between said first and second con- 
ductivity type regions (42, 41) at O bias, q is the 
electric charge amount of an electron, Nb is an im- 
purity concentration of said second conductivity 
type semiconductor region (41) and Ne is an impu- 
rity concentration of said first conductivity type sem- 
iconductor region (42); and 
said voltage Vc is adjusted to a value larger than a 
maximum rated voltage Vcc applied to said first 
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conductivity type semiconductor region (42) during 
an actual use of said semiconductor dynamic sen- 
sor. 

4. Method according to claim 3, characterized in that s 
said step of preparing said semiconductor member 
(40) includes a step of adjusting said impurity con- 
centration Ne of said first conductivity type semi- 
conductor region (42) to a value higher than a value 
expressed as: 10 

2 Ke (Vcc + Vo) / (q(we - d) 2 ) 

wherein d is a diffusion depth of said piezoresist- '5 
ance region (43). 

5. Method according to claim 3 or 4, characterized in 
that said impurity concentration Nb said second 
conductivity type semiconductor region (41) is in a 20 
range of 1 x 10 16 - 2 x 10 18 atoms/cm 3 . 

6. Method according to one of claims 1 to 5, charac- 
terized in that said first conductivity type is an re- 
type and said second conductivity type is a P-type. 25 

7. Method according to any preceding claim, charac- 
terized in that said voltage (Vc) applied during said 
electrochemical etching is different for different sen- 
sors on said member (40), whereby plural types of 20 
semiconductor dynamic sensors which are different 

in thickness of said distortion-causing portion (5-8) 
are produced. 



Patentanspruche 

1. Verfahren zur Herstellung eines dynamischen . 
Halbleitersensors, mit den Schritten: 

40 

[a] Bereitstellen eines Halbleiterteils (40), in 
welchem ein Halbleitergebiet eines ersten Leit- 
fahigkeitstyps (42) auf einem Halbleitergebiet 
eines zweiten Leitfahigkeitstyps (41) gebildet 
ist, wobei die ersten und zweiten Halbleiterge- *s 
biete (41, 42) einen ersten PN-Ubergang bil- 
den; wobei der Schritt einen Schritt des Bildens 
von Piezowiderstandsgebieten des zweiten 
Leitfahigkeitstyps (43; 13-1 6b) in dem Halblei- 
tergebiet des ersten Leitfahigkeitstyps (42) ent- so 
halt und des weiteren einen Schritt des Festle- 
gens des Halbleitergebiets des ersten Leitfa- 
higkeitstyps (42) auf eine Storstellenkonzentra- 
tion (Ne) enthait, welche verhindert, dass eine 
Verarmungsschicht (DL), welche sich von ei- ss 
nem zweiten PN-Ubergang zwischen dem 
Halbleitergebiet des ersten Leitfahigkeitstyps 
(42) und dem Piezowiderstandsgebiet des 



zweiten Leitfahigkeitstyps (43; 13-16b) er- 
streckt, den ersten PN-Ubergang zwischen 
dem Halbleitergebiet des ersten Leitfahigkeits- 
typs (42) und dem Halbleitergebiet des zweiten 
Leitfahigkeitstyps (41) erreicht, auf das Auf- 
bringen einer maximalen Nennspannung (Vcc) 
des Sensors zwischen den Piezowiderstands- 
gebieten, 

[b] Eintauchen des Halbleiterteils (40) in eine 
Atzlosung, wahrend der PN-Ubergang in 
Sperrrichtung betrieben wird durch Aufbringen 
einer Vorspannung (Vc) zum Betreiben des 
PN-Ubergangs zwischen dem Halbleitergebiet 
des ersten Leitfahigkeitstyps (42) und einer 
Elektrode (62), welche dem Halbleitergebiet 
des zweiten Leitfahigkeitstyps (41 ) gegenuber- 
liegt, in Sperrrichtung, wodurch ein Teil des 
Halbleitergebiets des zweiten Leitfahigkeits- 
typs (41) elektrochemisch geatzt wird, urn ei- 
nen mit einer dunnen Starke gebildeten, eine 
Verzerrung hervorrufenden Teil (5-8) an dem 
Teil des Halbleitergebiets des zweiten Leitfa- 
higkeitstyps (41) zu bilden; wobei 
[b1] eine GroBe der wahrend des elektroche- 
mischen Atzens aufgebrachten Vorspannung 
in Sperrrichtung (Vc) derail etngestellt wird, 
dass eine Verarmungsschicht gebildet wird, 
welche sich von dem ersten PN-Ubergang zu 
dem Halbleitergebiet des zweiten Leitfahig- 
keitstyps (41) urn eine Dicke erstreckt, welche 
groBer als die Dicke einer Verarmungsschicht 
ist, die sich von dem ersten PN-Obergang auf 
das Halbleitergebiet des zweiten Leitfahigkeits- 
typs (41) erstreckt, auf das Aufbringen der ma- 
ximalen Nennspannung (Vcc) des dynami- 
schen Halbleitersensors, so dass das Atzen an 
dem vorderen Ende, welches sich auf das 
Halbleitergebiet des zweiten Leitfahigkeitstyps 
(41) erstreckt, der Verarmungsschicht, welche 
sich von dem ersten PN-Ubergang erstreckt, 
gestoppt wird. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, dass die GroBe der Vorspannung in Sperrrich- 
tung (Vc) auf einen bestimmten Wert eingestellt 
wird, der groBer als die maximale Nennspannung 
(Vcc) ist, welche auf das Halbleitergebiet des ersten 
Leitfahigkeitstyps (42) aufgebracht wird. 

3. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, dass die Dicke T des Teils mit dunner Starke 
(5-8) und die Dicke we des Halbleitergebiets des 
ersten Leitfahigkeitstyps (42) der Gleichung 

we = T - (2Ke(Vc + Vo)/(qNb(1 + Nb/Ne))) 1/2 
genugen, wobei K eine dielektrische Konstante des 
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Halbleiters, e die Dielektrizitatskonstante des Vaku- 
ums, Vo eine Sperrschichtspannung zwischen den 
Gebieten des ersten und zweiten Leitfahigkeitstyps 
(42, 41) bei einer Vorspannung von 0, q der Betrag 
der elektrischen Ladung eines Elektrons, Nb die 5 
St6rstellenkonzentration des Halbleitergebiets des 
zweiten Leitfahigkeitstyps (41) und Ne die Storstel- 
lenkonzentration des Halbleitergebiets des ersten 
Leitfahigkeitstyps (42) darstellen; und 
die Spannung Vc auf einen Wert eingestellt wird, 10 
welcher groBer als eine maximale Nennspannung 
Vcc ist, welche an das Halbleitergebiet des ersten 
Leitfahigkeitstyps (42) angelegt wird, wahrend der 
dynamische Halbleitersensor tatsachlich verwen- 
det wird. 15 

4. Verfahren nach Anspruch 3, dadurch gekennzeich- 
net, dass der Schritt des Bereitstellens des Halblei- 
terteils (40) einen Schritt des Einstellens der Stdr- 
stellenkonzentration Ne des Halbleitergebiets des 20 
ersten Leitfahigkeitstyps (42) auf einen Wert ent- 
hait, der groBer als ein Wert ist, welcher ausge- 
druckt wird durch: 



wobei d eine Diffusionstiefe des Piezowider- 
standsgebiets (43) ist. 

30 

5. Verfahren nach Anspruch 3 Oder 4, dadurch ge- 
kennzeichnet, dass die StSrstellenkonzentration 
Nb des Halbleitergebiets des zweiten Leitfahig- 
keitstyps (41) in einem Bereich von 1 x 10 16 - 2 x 

1 0 18 Atome/cm 3 liegt. 35 

6. Verfahren nach einem der Anspruche 1 bis 5, da- 
durch gekennzeichnet, dass der erste Leitfahig- 
keitstyp ein N-Typ und der zweite Leitfahigkeitstyp 

ein P-Typ ist. *o 

7. Verfahren nach einem der vorausgehenden An- 
spruche, dadurch gekennzeichnet, dass die wah- 
rend des elektrochemischen Atzens aufgebrachte 
Spannung (Vc) fur unterschiedliche Sensoren auf 45 
dem Teil (40) unterschiedlich ist, wodurch eine 
Mehrzahl von Typen dynamischer Halbleitersenso- 

ren hergestellt werden, welche bezuglich der Dicke 
des eine Verzerrung hervorrufenden Teils (5-8) un- 
terschiedlich sind. 50 



Revendications 

1. Proc6d§ de fabrication d'un capteur dynamique a 55 
semiconducteur, comprenant les etapes consistant 
a 



[a] preparer un element de semiconducteur 

(40) dans lequel une region de semiconducteur 
d'un premier type de conductivity (42) est for- 
mee sur une region de semiconducteur d'un se- 
cond type de conductivity (41 ), lesdites premie- 
re et seconde regions de semiconducteur (41 , 
42) formant une premiere jonction PN, laquelle 
etape comprenc une etape consistant a former 
des regions de pi6zo-r6sistance du second ty- 
pe de conductivity (43 ; 13 a 16b) dans ladite 
region de semiconducteur du premier type de 
conductivity (42), et comprend en outre une 
etape consistant a etablir ladite region de semi- 
conducteur de premier type de conductivity 
(42) pour qu'elle presente une concentration en 
impuretys (Ne) qui emp§che une couche d'ap- 
pauvrissement (DL) s'ytendant depuis une se- 
conde jonction PN entre ladite region de semi- 
conducteur de premier type de conductivity 
(42) et ladite region de piyzo-resistance du se- 
cond type de conductivity (43 ; 13 a 16b), d'at- 
teindre ladite premidre jonction PN entre ladite 
rygion de semiconducteur du premier type de 
conductivity (42) et ladite rygion de semicon- 
ducteur du second type de conductivity (41), 
lors de Implication d'une tension nominate 
maximum (Vcc) du capteur entre les regions de 
piyzorysistance 

[b] immerger ledit yiyment de semiconducteur 
(4C) dans une solution de gravure alors que la- 
dite jonction PN est polarised en inverse par 
I'application d'une tension (Vc) en vue de pola- 
riser en inverse ladite jonction PN entre ladite 
rygion de semiconducteur du premier-type de 
conductivity (42) et une yiectrode (62) a I'oppo- 
sy de la rygion de semiconducteur du second 
type de conductivity (41), d'ou il rysulte qu'une 
partie de ladite rygion de semiconducteur du 
second type de conductivity (41 ) est gravye de 
fagon yiectrochimique pour former une partie 
provoquant une deformation (5 a 8) avec une 
forme pr£sentant une ypaisseur mince au ni- 
veau de ladite partie de ladite rygion de semi- 
conducteur du second type de conductivity 

(41) , 

dans lequel 

(b1) une amplitude de ladite tension de polari- 
sation inverse (Vc) appliquye durant ladite gra- 
vure yiectrochimique est ajustye de maniere a 
ce qu'une couche d'appauvrissement soit for- 
mye, laquelle s'etend depuis ladite prendre 
jonction PN jusqu'a ladite rygion de semicon- 
ducteur du second type de conductivity (41 ) sur 
une ypaisseur qui est plus ypaisse qu'une 
ypaisseur d'une couche d'appauvrissement 
s'etendant depuis ladite prendre jonction PN 
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2 Ke (Vcc + Vo)/(q(we - d) 2 ) 
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vers ladite region de semiconducteur du se- 
cond type de conductivity (41) lors de Implica- 
tion de ladite tension nominale maximum (Vcc) 
dudit capteur dynamique a semiconducteur, de 
sorte que la gravure s'arr§te au niveau de Tex- s 
tremite avant, s'Stendant vers la region de 
semiconducteur du second type ce conductivi- 
ty (41 ) de la couche d'appauvrissement s'yten- 
dant depuis la premiere jonction PN. 

10 

2. Proc6d6 selon la revendication 1 , caracte>is6 en ce 
que I'amplitude de ladite tension de polarisation in- 
verse (Vc) est ajustee a une certaine valeur plus 
grande que ladite tension nominale maximum (Vcc) 

qui est appliquee a ladite region de semiconducteur is 
du premier type de conductivity (42). 

3. Proc§d6 selon la revendication 1 , caract6rise en ce 
qu'une epaisseur de la partie a ypaisseur mince (5 

a 8) pr^sentant une Epaisseur T gravee en une 20 
epaisseur de ladite region de semiconducteur du 
premier type de conductivity (42) satisfont 
I'equation : 



ProcSde selon la revendication 3 ou 4, caracterise 
en ce que ladite concentration en impuretes Nb de 
ladite region de semiconducteur du second type de 
conductivity (41) est dans une plage de 1 x 10 16 a 
2x 10 18 atomes/cm 3 . 

Proc6d§ selon Tune des revendications 1 a 5, ca- 
racteris6 en ce que ledit premier type de conducti- 
vity est un type N et ledit second type de conducti- 
vity est un type P 

Procedy selon Tune quelconque des revendications 
pryc6dentes, caractyrisy en ce que ladite tension 
(Vc) appliquye durant ladite gravure yiectrochimi- 
que est diffyrente pour des capteurs diffyrents sur 
ledit yiyment (40), d'ou il r£sulte que plusieurs types 
de capteurs dynamiques a semiconducteur qui pre- 
sented des ypaisseurs diffyrences de ladite partie 
provoquant une deformation (5 a 8) sont produits. 



we = T - (2Ke (Vc + Vo)/(qNb(1 -Nb/Ne) 

dans laquelle K est une constante dielectrique dudit 
semiconducteur, e est la constante diyiectrique 
dans le vide, Vo est une tension de barriyre entre 30 
lesdites regions des premier et second types de 
conductivity (42, 41) pour une polarisation 0, q est 
la valeur de la charge yiectrique d'un yiectron, Nb 
est une concentration en impuretes de ladite region 
de semiconducteur du second type de conductivity 35 
(41) et Ne est une concentration en impuretes de 
ladite rygion de semiconducteur du premier type de 
conductivity (42), et 

ladite tension Vc est ajustye a une valeur plus gran- 
de d'une tension nominale maximum Vcc appliquye 40 
a ladite rygion de semiconducteur du premier type 
de conductivity (42) durant une utilisation ryelle du- 
dit capteur dynamique a semiconducteur. 

4. Procydy selon la revendication 3, caractyrisy en ce 45 
que ladite etape de preparation dit yiyment de semi- 
conducteur (40) com p rend une etape consistant a 
ajuster ladite concentration en impuretes Ne de la- 
dite rygion de semiconducteur du premier type de 
conductivity (42) a une valeur supyrieure a une va- so 
leur exprimye par : 



2Ke(Vcc + Vo)/(q(we-d) 2 ) 

55 

dans lequel d est une profondeur de diffusion 
de ladite rygion de piyzoresistance (43). 
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FIG. 4 
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FIG. 6 
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FIG. 14 
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£j and the epitaxial layer to perform electrochemical etching, it has been found that the distance from the PN 
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CO of the PN junction portion. Namely, the etching stops at the forward end of the depletion layer. Therefore, the 
J® junction depletion layer width at the substrate side is controlled to be a size obtained by subtracting a necessary 

depth for etching from a thickness of the semiconductor substrate except for the semiconductor layer, so that 
© the etching depth or the thickness of the thin thickness portion remaining after etching can be precisely 
e% controlled. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to a semiconductor dynamic sensor having a thin thickness structure such 
as a semiconductor acceleration sensor, a semiconductor pressure sensor or the like. In addition, it relates 
to a production method thereof. 

2. Description of the Related Art 

10 

The conventional semiconductor dynamic sensor has a thin thickness structure in its interior, wherein 
distortion is generated by allowing a dynamic quantity such as acceleration, pressure or the like to act on 
this thin thickness structure, and the distortion is electrically detected according to a piezoresistance 
change, a capacity change or the like. 
75 As an effective production method for the thin thickness structure which serves as a distortion-causing 
portion, for example, an electrochemical etching method proposed by an official gazette of Japanese Patent 
Laid-open No. 62-61374 and the like is known. 

Namely, the official gazette of Japanese Patent Laid-open No. 62-61374 discloses an electrochemical 
etching method for silicon substrates in which a P-type substrate having an N-type layer is immersed in an 
20 etching solution to oppose an electrode plate, a voltage is applied between the N-type layer and the 
electrode plate to perform anisotropic etching of the P-type substrate, and a distortion-causing portion and a 
separation groove of a semiconductor dynamic sensor are formed. 

In addition, the above-mentioned official gazette discloses the fact that the etching automatically stops 
when it arrives at the N-type layer. 

25 

SUMMARY OF THE INVENTION 

The present invention relates to improvement in the formation of the thin thickness portion of the 
semiconductor dynamic sensor in which the electrochemical etching method is used, an object of which is 

30 to provide a production method for semiconductor dynamic sensors in which the thickness of the thin 
thickness portion can be precisely controlled. 

According to experiments and consideration by the present inventors, it has been revealed for the first 
time that the etching stop position in the above-mentioned electrochemical etching terminates at the P-type 
substrate side as the material subjected to the etching rather than at the PN junction plane at which the 

35 etching has been considered to stop. Moreover, it has been found that the distance from the PN junction 
plane to the etching termination position disperses depending on each impurity concentration of the N-type 
layer and the P-type substrate and the change in the application voltage. 

Therefore, for example, the thickness of the distortion-causing portion (for example, a diaphragm 
portion) of the semiconductor dynamic sensor has been hitherto set in accordance with the thickness of the 

40 N-type layer, however, an actual thickness of the distortion-causing portion becomes not less than the 
above, and consequently an actually obtained distortion amount of the distortion-causing portion is smaller 
than a theoretically calculated value, which results in decrease in the designed accuracy of the sensor. 

This fact may cause further problems when the distortion-causing portion is made to have a marked 
thin thickness as compared with those in the prior art in accordance with the demand for increasing the 

45 sensitivity of the sensor. Namely, in the prior art, the thickness of the distortion-causing portion to be made 
to have the thin thickness by the above-mentioned etching is, for example, several 10 urn which is relatively 
thick, so that even when the thickness of the distortion-causing portion disperses due to the dispersion in 
the etching termination position, the influence on the sensor sensitivity thereby has been small. However, 
when it is intended to obtain high sensitivity by allowing the distortion-causing portion to have a thin 

so thickness such as for example several urn, the above-mentioned dispersion causes large dispersion in the 
sensitivity. 

In the invention of the present application, the cause of the dispersion has been discovered for the first 
time, and on the basis of the knowledge obtained therefrom, the etching stop position in the electrochemical 
etching is precisely predicted, so as to minutely control the thickness of the distortion-causing portion. 
55 Namely, the present invention lies in a production method for semiconductor dynamic sensors wherein 

a semiconductor member in which a first conductive type semiconductor portion and a second 
conductive type semiconductor portion form a PN junction is immersed in an etching solution to allow said 
second conductive type semiconductor portion to oppose an electrode, a voltage is applied between said 
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first conductive type semiconductor portion and said electrode, and said second conductive type semicon- 
ductor portion is subjected to electrochemical etching so as to form a thin thickness shaped distortion- 
causing portion, characterized in that 

the thickness of said distortion-causing portion is set to be a thickness in which in addition to a 
5 thickness of said first conductive type semiconductor portion, a width of a depletion layer, which extends 
from said PN junction to the side of said second conductive type semiconductor portion during said 
electrochemical etching, is estimated. 

Concretely, there are provided following steps: 

a step of preparing a wafer in which a monocrystal semiconductor layer of the first conductive type of a 
w predetermined thickness is formed on a monocrystal semiconductor substrate of the second conductive 
type; 

a step of forming a semiconductor distortion detecting means in the monocrystal semiconductor layer; 

a step of forming a thin thickness portion having a thickness T by immersing the wafer in an etching 
solution to oppose said monocrystal semiconductor substrate of the second conductive type to an 
is electrode, and applying a voltage between said monocrystal semiconductor layer of the first conductive 
type and said electrode to perform electrochemical etching of said monocrystal semiconductor substrate of 
the second conductive type; and 

a step of setting said predetermined thickness W of said monocrystal semiconductor layer of the first 
conductive type using 

20 

W = T - (2K*Vt / (qNb(1 + Nb/Ne))) 1/2 

provided that the dielectric constant of the monocrystal semiconductor is K, the vacuum dielectric constant 
• is €, the sum of said application voltage during the electrochemical etching and the barrier voltage at 0 bias 
25 is Vt, the electric charge amount of electron is q, the impurity concentration of said semiconductor substrate 
is Nb, and the impurity concentration in said semiconductor layer is Ne. 

According to experiment results by the present inventors, it has been found that the distance from the 
PN junction plane to the etching stop position is approximately equal to the depletion layer width of the 
second conductive type semiconductor portion (semiconductor portion at the side subjected to etching) of 
30 the PN junction portion. Namely, the etching terminates at the forward end of the depletion layer. 

Therefore, in the present invention, with respect to the thickness of the distortion-causing portion, the 
setting is made such that in addition to the thickness of the above-mentioned first conductive type 
semiconductor portion, the depletion layer width, which extends from the above-mentioned PN junction to 
the side of the second conductive type semiconductor portion during the electrochemical etching, is 
35 estimated, so that it is possible to precisely control the thickness of the thin thickness shaped distortion- 
causing portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 Fig. 1 is a perspective view of a semiconductor acceleration sensor chip in which the first example of the 

present invention is applied, 

Fig. 2 is a plan view of the sensor chip in Fig. 1 , 

Fig. 3 is a cross-sectional view taken along A-A in Fig. 2, 

Fig. 4 is a figure of a bridge circuit of this sensor, 
45 Fig. 5 to Fig. 9 are cross-sectional views showing production steps of the sensor chip in Fig. 1, 

Fig. 10 and Fig. 11 are figures showing an electrochemical etching method, 

Fig. 12 is an illustrative cross-sectional view of the sensor element, 

Fig. 13 is a figure of characteristics showing a relation between the bridge sensitivity of the sensor 
shown in Fig. 1 and the thickness of the thin thickness distortion-causing portion (beam), 

50 Fig. 14 is a figure of characteristics showing a relation between the application voltage in the 
electrochemical etching and the thickness of the thin thickness distortion-causing portion, 
Fig. 15 is a figure of characteristics showing a relation between the impurity concentration in the 
substrate in the electrochemical etching and the thickness of the thin thickness distortion-causing portion, 
Fig. 16 is a figure of characteristics showing a relation between the application voltage and the leak 

55 current, 

Fig. 17 is a figure of characteristics showing a relation between the leak current and the bridge output 
voltage, 

Fig. 18 is an illustrative cross-sectional view showing the passage for the leak current, 
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Fig. 19 is a cross-sectional view showing a modified embodiment of the first example, 

Fig. 20 is a cross-sectional view of an integrated semiconductor pressure sensor in which the second 

example is applied, 

Fig. 21 is a cross-sectional view of the sensor chip in Fig. 20, and 
5 Fig. 22 is a cross-sectional view of the sensor chip in Fig. 20. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will be explained hereinafter on the basis of examples shown in the drawings. 

70 

First example 

One example of the semiconductor acceleration sensor in which this invention is applied will be 
explained hereinafter in accordance with the drawings. 

75 Fig. 1 shows a perspective view of this semiconductor acceleration sensor, Fig. 2 shows a plan view of 
the semiconductor acceleration sensor, and Fig. 3 shows a cross-section taken along A-A in Fig. 2. The 
present sensor is used for the ABS system of automobiles. 

A silicon chip 2 having a rectangular plate shape is joined on a pedestal 1 having a rectangular plate 
shape composed of Pyrex glass. The silicon chip 2 has a first support portion 3 of a rectangular frame 

20 shape with its back main face which joins to the pedestal 1, and the first support portion 3 is formed with 
four sides of the silicon chip 2. At the inside of the first support portion 3 of the silicon chip 2 are provided 
upper separation grooves 4a, 4b, 4c, 4d and a lower separation grooves 10 in concave shapes, and the. 
upper separation grooves 4a, 4b, 4c, 4d and the lower separation grooves 10 are communicated to form a 
penetrating groove which penetrates through the chip 2. The C-shaped upper separation grooves 4d formed 

25 at the inside of the rectangular frame shaped first support portion 3 and the lower separation grooves 10 
under the upper separation groove 4d are used to partition and form a second support portion 1 1 having a 
thick thickness ]-shape and a thick thickness connecting portion 12, and the second support portion 11 is 
connected with the first support portion 3 by the connecting portion 12. Further, thin thickness distortion- 
causing portions 5, 6, 7, 8 having a thin thickness are provided to extend from the inner side face of the 

30 second support portion 1 1 , and with the forward ends of the thin thickness distortion-causing portions 5, 6, 
7, 8 is connected a weight portion 9 having a thick thickness rectangular shape. 

Namely, the second support portion 11 is connected through the connecting portion 12 with the thick 
thickness first support portion 3 which joins to the pedestal 1 , and the weight portion 9 is supported at both 
ends through the thin thickness distortion-causing portions 5-8 from the second support portions 11. The 

35 lower separation grooves 10 are formed below the upper separation grooves 4a, 4b, 4c, 4d and the thin 
thickness distortion-causing portions 5-8, and the upper separation grooves 4a, 4b, 4c, 4d communicate 
with the lower separation grooves 10 to form the penetrating groove which penetrates through the chip 2. 

Piezoresistance regions 13a, 13b, 14a, 14b, 15a, 15b, 16a, 16b are formed on surface portions of the 
thin thickness distortion-causing portions 5-8 as two individuals for each. Further, as shown in Fig. 3, a 

40 concave portion 17 is formed at the central portion of the upper face of the pedestal 1, so as not to make 
contact when the weight portion 9 is displaced upon the application of acceleration. 

An aluminum wiring arrangement pattern on the surface of the silicon chip 2 is shown in Fig. 2. 
There are arranged a wiring arrangement 18 for grounding, a wiring arrangement 19 for applying a 
power source voltage Vcc, and wiring arrangements 20, 21 for output for taking out an electric potential 

45 difference corresponding to acceleration. In addition, another set of four types of wiring arrangements are 
prepared with respect to these wiring arrangements. Namely, there are formed a wiring arrangement 22 for 
grounding, a wiring arrangement 23 for applying the power source voltage, and wiring arrangements 24, 25 
for output for taking out an electric potential difference corresponding to acceleration. At a halfway portion 
of the wiring arrangement 19 for applying the power source voltage is interposed an impurity diffusion layer 

50 26 of the silicon chip 2, and the wiring arrangement 18 for grounding crosses over the impurity diffusion 
layer 26 through a silicon oxide film. In the same manner, the wiring arrangement 23 for applying the power 
source voltage is connected to the wiring arrangement 19 for applying the power source voltage through an 
impurity diffusion layer 27, the wiring arrangement 22 for grounding is connected to the wiring arrangement 
18 for grounding through an impurity diffusion layer 28, and the wiring arrangement 24 for output is 

55 connected to the wiring arrangement 20 for output through an impurity diffusion layer 29. In addition, the 
wiring arrangements 21 and 25 for output are connected through an impurity diffusion layer 30 for 
resistance adjustment. In addition, in the present example, wiring connection is made using the wiring 
arrangements 18-21. 
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Each of the piezoresistance regions 13a, 13b, 14a, 14b, 15a, 15b, 16a, 16b forms a Wheatstone bridge 
circuit as shown in Fig. 4, wherein a terminal 31 is a terminal for grounding, a terminal 32 is a terminal for 
applying the power source voltage, and terminals 33 and 34 are output terminals for taking out the electric 
potential difference depending on acceleration. 
5 Next, a production method for this sensor will be explained on the basis of Fig. 5 to Fig. 9. Incidentally, 
Fig. 5 to Fig. 9 show cross-sections taken along A-A in Fig. 2. 

At first, as shown in Fig. 5, a wafer (the semiconductor member as referred to in the present invention) 
40. which has an n-type epitaxial layer (the first conductive type semiconductor portion as referred to in the 
present invention) 42 on a p-type substrate (the second conductive type semiconductor portion as referred 
w to in the present invention) 41 having a plane azimuth of (100), is prepared, P + diffusion layers 43 are 
formed as the piezoresistance regions 13a, 13b, 14a, 14b, 15a, 15b, 16a, 16b, n + diffusion layers 44 are 
formed at surface portions of planned regions in which the upper separation grooves 4a, 4b, 4c, 4d are 
etched as electrode contacts during electrochemical etching, and an n + diffusion layer (not shown) for 
electric potential fixation for fixing the electric potential of the epitaxial layer 42 is formed at a surface 
15 portion of a region not subjected to the above-mentioned etching of the epitaxial layer 42. 

Thereafter a silicon oxide film (not shown) formed on the epitaxial layer 42 is selectively opened, on 
which the aluminum wiring arrangements 18-25 (see Fig. 2, but illustration is omitted in Fig. 5 to Fig. 8) are 
formed. 

In addition, the aluminum wiring arrangements 18-25 are contacted at predetermined positions of the p + 

20 diffusion layer 43. thereafter a passivation insulation film (not shown) comprising a silicon oxide film or the 
like is accumulated, the passivation insulation film is selectively opened to form a contact hole for wire 
bonding, and subsequently the passivation insulation film is opened to provide an aluminum contact portion 
(not shown) for current application which contacts with the n + diffusion layer 44. 

Next, a plasma nitride film (P-SiN) 45 is formed on the surface (back main face) of the substrate 41 

25 except for the etching planned region for the lower separation grooves 10, and a resist film which is not 
illustrated (not shown) is used to perform photo-patterning of the plasma nitride film 45. 

Next, a resist film 49 is applied by spinning on the front main face of the wafer 40. that is the surface of 
the epitaxial layer 42 to serve as the etching planned regions for the upper separation grooves 4a, 4b, 4c, 
4d, so as to perform photo-patterning. Incidentally, the above-mentioned silicon oxide film and the 

30 passivation insulation film on the etching planned regions for the upper separation grooves 4a, 4b, 4c, 4d 
are removed beforehand, and the above-mentioned aluminum contact portion is exposed at the surface of 
the epitaxial layer 42 exposed due to the photo-patterning of the resist film 49. Incidentally, the resist film 
49 is a PIQ (polyimide) film. 

Next, as shown in Fig. 6, electrochemical etching of the wafer 40 is performed to form the lower 

35 separation grooves 10. 

This electrochemical etching will be explained herein in detail using Fig. 10 and Fig. 11. 
At first, a hot plate (200 • C, not shown) is joined to the back face of a support substrate 46, a resin wax 
W is placed on the support substrate 46 to soften it, the front main face of the wafer 40 is placed and 
adhered thereon with interposing a platinum ribbon 59, and thereafter the support substrate 46 and the 

40 wafer 40 are detached from the hot plate so as to cure the resin wax W. The forward end portion of the 
platinum ribbon 59 is formed to have a wave shape, the forward end portion of the platinum ribbon 59 is 
pressurized to the above-mentioned aluminum contact portion by its own elasticity in the cured state of the 
above-mentioned resin wax W, and good electric contact is provided with respect to the above-mentioned 
aluminum contact portion. Incidentally, the resin wax W coats the side face of the wafer 40. 

45 In this state, the wafer 40 and the support substrate 46 are perpendicularly hung in an etching tank 61 , 
which are immersed in an etching solution (for example, 33 wt% KOH solution, 82 • C. A platinum electrode 
place 62 is perpendicularly hung as opposing the back main face of the wafer 40, a predetermined voltage 
(at least 0.6 V, but 2 V in this case) is applied between the platinum ribbon 59 and the platinum electrode 
plate 62 in which the wafer 40 side is positive, and the electrochemical etching is performed. By doing so, 

50 an electric field is formed from the platinum ribbon 50 through the aluminum contact portion, the n + 
diffusion layer 44 and the epitaxial layer 42 to the P-type substrate 41 to make reverse bias of the junction 
between the both, the electrochemical etching (anisotropic etching) of the substrate 41 is performed, and 
the lower separation grooves 10 are formed in the substrate 41. When the etching arrives at the vicinity of 
the junction portion between the substrate 41 and the epitaxial layer 42, an anodic oxidation film (not 

55 shown) is formed, and the etching speed is markedly reduced, so that the etching stops at the vicinity of 
the junction portion. 

Next, as shown in Fig. 7. after the nitride film 45 is removed with hydrofluoric acid, the support 
substrate 46 is placed on the hot plate to soften the resin wax W, the wafer 40 is separated from the 
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support substrate 46, the separated wafer 40 is immersed in an organic solvent (for example, trich- 
loroethane), the resin wax W is dissolved and washed to take out the wafer 40, and thereafter a resist 50 is 
applied onto the back main face of the wafer 40 for the entire surface. 

Incidentally, since this resist 50 is not for photopatterning, it is sufficient to only allow a resist solution to 
5 flow, and it is unnecessary to perform vacuum chuck of the wafer 40 on a spinning table of a spinning 
apparatus as in the case of resist application for photopatterning (for example, the resist film 49). 

Next, as shown in Fig. 8, dry etching of the epitaxial layer 42 is performed from the opening of the 
resist film 49 to form the upper separation grooves 4a, 4b, 4c, 4d. 

Next, as shown in Fig. 9, the resist film 49 is removed by oxygen ashing, the resist 50 is removed to 
70 complete the upper separation grooves 4a, 4b, 4c, 4d, and the upper separation grooves 4a, 4b, 4c, 4d are 
communicated with the lower separation grooves 10 to form the penetrating groove. Subsequently the wafer 
40 is joined onto the pedestal 1, and finally dicing is perform to make a chip, thereby the sensor chip 
shown in Fig. 1 to Fig. 3 is produced. 

The design of the high sensitivity sensor capable of reducing the leak current including the setting 
75 method for the thickness of the thin thickness distortion-causing portions 5-8 as an important part of the 
present example will be explained hereinafter in turn with reference to Fig. 12. 

(Determination of the thickness of the thin thickness distortion-causing portions 5-8) 

20 In the present example, the bridge sensitivity of the sensor is 0.7 mV/G. According to this target bridge 
sensitivity, on the basis of a relation between the bridge sensitivity and the thickness of the thin thickness 
distortion-causing portions 5-8 shown in Fig. 13, the thickness T of the thin thickness distortion-causing 
portions 5-8 is determined. It is understood that T may be 5.3 urn in this case. 

25 (Determination of the bridge input voltage) 

In this example, the bride input voltage Vcc, which is applied between the high level input terminal and 
the low level input terminal of the bridge constituted by connecting the piezoresi stance regions 13a, 13b, 
14a, 14b, 15a, 15b, 16a, 16b as shown in Fig. 4, is 12 V, and the low level input terminal of the bridge is 
30 grounded. 

This is due to the fact that the signal processing circuit unit and the power source voltage in the latter 
stage are made common, in order to realize simplification of the power source unit, simplification of wiring 
arrangement, and compatibility. 

In this state, the thin thickness distortion-causing portions 5-8 constitute junction diodes with the 

35 piezoresi stance region, that is the P + region 43, so that the electric potential of the thin thickness distortion- 
causing portions 5-8 becomes a value (about 0.7 V) which is higher by a barrier electric potential between 
the both, however, in this specification, the electric potential of the thin thickness distortion-causing portions 
5-8 is approximately regarded to be equal to the highest electric potential of the P + region 43. 

Incidentally, the substrate 41 and the thin thickness distortion-causing portions 5-8 are in the resistance 

40 connection state at the chip end face, and the substrate 41 can be regarded to have an electric potential 
equal to that of the epitaxial layer 42 (thin thickness distortion-causing portions 5-8). 

Alternatively, it is also available that the n + region for fixing the electric potential is formed as described 
above on the surface of the epitaxial layer 42, and this n + region is connected to the aluminum wiring 
arrangements 19, 23 (Vcc line). This n + region can be formed by the same process as that for the n + region 

45 44. By doing so, the electric potential change in the epitaxial layer 42 is suppressed, and the change in the 
output signal voltage due to this electric potential change can be suppressed. It is of course possible to 
give a direct current electric potential which is different from the power source voltage that is the aluminum 
wiring arrangements 19, 23 to the above-mentioned n + region, however, in this case, an input terminal for 
fixing the electric potential of the epitaxial layer 42 and a power source are newly required, which only 

so results in complex device constitution, and is not a wise policy. Namely, it is simplest that the high level 
input terminal 32 of the bridge and the epitaxial layer 42 are fixed to be the same electric potential (or 
including the above-mentioned approximately the same electric potential). 

(Determination of the impurity concentration in the substrate 41) 

55 

According to the above-mentioned electrochemical etching, as clarified for the first time in this case 
from experimental characteristic figures of Fig. 14 and Fig. 15 as described hereinafter, it is considered that 
the etching stops at the forward end at the side of the substrate 41 of the junction depletion layer of the 
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epitaxial layer 42 and the substrate 41. Therefore, in this example, the impurity concentration in the 
substrate 41 is set to be 3 x 10 17 atoms/cm 3 . Next, the reason thereof will be explained. 

Namely, at the back face of the distortion-causing portion of the sensor, the plane-shaped depletion 
layer or the second conductive type channel (hereinafter referred to as the back face channel) is formed, 

5 and due to contamination, large amounts of recombination centers, levels, traps and the like are formed. 
Further, on account of the electrochemical etching, the end portion of the semiconductor substrate of the 
same conductive type as the piezoresistance region is located on the same straight line as the back face of 
the distortion-causing portion. Therefore, in the case of the use as a sensor, when the junction depletion 
layer between the P + region 43 and the epitaxial layer 42 (thin thickness distortion-causing portions 5-8) 

10 arrives at the back face of the distortion-causing portion, the reverse bias current (hereinafter referred to as 
the leak current) between the piezoresistance region and the distortion-causing portion increases, the leak 
current flows between the piezoresistance region and the substrate through the back face channel and the 
above-mentioned junction depletion layer, and the leak current due to direct punch-through flows between 
the substrate and the piezoresistance region without passing through the above-mentioned back face 

75 channel. As described above, it is considered that the PN junction between the substrate 41 and the 
epitaxial layer 42 makes a short circuit due to parasitic resistance at the end face portion and the like, so 
that the above-mentioned leak current flows from the piezoresistance region through the substrate to the 
distortion-causing portion. Incidentally, as described above, the distortion-causing portion is usually con- 
nected to one end of the piezoresistance region, and the 0 bias barrier electric potential is given with 

20 respect to one end of the piezoresistance region even when there is no connection, so that consequently 
the above-mentioned leak current flown into the distortion-causing portion is added to the signal current 
flowing in the piezoresistance region and outputted. In addition, this leak current contains large amounts of 
heat noise (which is proportional to a square root of R), fluctuation noise, 1/f noise and popcorn noise, and 
its current passage is unstable, so that the change is large, the change ratio due to temperature change is 

25 also large, resulting in the level change in the sensor output voltage and the decrease in the S/N ratio. 
Therefore, in order to suppress the influence by the leak current, on condition that a certain degree of the 
thickness of the epitaxial layer 42 is ensured, it is necessary to make the thickness of the thin thickness 
distortion-causing portions 5-8 to be markedly thinner than those in the prior art. 

In this case, according to experiments by the present inventors, it has been clarified that the etching 

30 stop position during the electrochemical etching stops at the forward end extending to the side of the 
substrate 41 of the junction depletion layer between the epitaxial layer 42 and the substrate 41 depending 
on the voltage applied during the etching. 

In Fig. 14, illustration is made using a plot for the change in the thickness of the thin thickness 
distortion-causing portions 5-8 when the thickness of the epitaxial layer 42 We is 6 urn, and the application 

35 voltage Vc is changed in the electrochemical etching in Fig. 6. In addition, the sum (calculated value) of the 
depletion layer width Wb at the side of the substrate 41 and the thickness we of the epitaxial layer 42 is 
illustrated as a characteristic line. 

According to Fig. 14, it is understood that the thickness of the thin thickness distortion-causing portions 
5-8 coincides with Wb + We. 

40 in addition, in the electrochemical etching in Fig. 6, the change in the thickness of the thin thickness 
distortion-causing portions 5-8 is shown as a plot in Fig. 15 when the thickness We of the epitaxial layer 42 
is 6 urn, the application voltage Vc is 2 V, the impurity concentration in the epitaxial layer 42 is 7 x 10 15 
atoms/cm 3 , and the impurity concentration Nb in the substrate 41 is changed. In addition, the sum 
(calculated value) of the depletion layer width Wb at the side of the substrate 41 and the thickness We of 

45 the epitaxial layer 42 is illustrated as a characteristic line. 

Also from Fig. 15, it is understood that the thickness of the thin thickness distortion-causing portions 5-8 
coincides with Wb + We. 

According to the above-mentioned experiment results, it is understood that in order to make the 
thickness T of the thin thickness distortion-causing portions 5-8 to be the designed thickness, it is 

so preferable to use T = We + Wb. 

Therefore, in order to allow the stop position of the electrochemical etching to approach the junction 
between the epitaxial layer 42 and the substrate 41 as close as possible, the portion extending to the side 
of the substrate 41 of the junction depletion layer may be narrowed. For this purpose, it is necessary that 
the impurity concentration in the substrate 41 is made to be a high concentration as far as possible. On the 

55 other hand, according to experiments, it has been clarified that when the impurity concentration in the 
substrate 41 is not less than 2 x 10 18 atoms/cm 3 , the etching speed lowers, and the etching of the substrate 
41 becomes difficult. In addition, when the application voltage is not more than 0.6 V, the anodic oxidation 
film is not formed on the etching surface well, so that the etching speed rises, and the etching stop 
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becomes difficult. 

Therefore, when the impurity concentration in the substrate 41 is not less than 1 x 10 16 atoms/cm 3 but 
not more than 2 x 10 18 atoms/cm 3 , more preferably 1-8 x 10 17 atoms/cm 3 , then it becomes possible to 
provide a synergistic effect of the high sensitivity realization and the leak current suppression. 

(Determination of the thickness of the epitaxial layer 42) 

The thickness we (W in the present application) of the epitaxial layer 42 is designed as T-wb provided 
that the thickness of the thin thickness distortion-causing portions 5-8 is T = 5.3 urn, and the thickness of 
the etching remaining portion (remaining P-type region) of the substrate 41, that is the depletion layer width 
at the side of the substrate 41 is wb. 

we = T - wb (1) 

wb is determined as follows. 

From the impurity concentration Nb (3 x 10 17 atoms/cm 3 ) in the substrate 41, and the impurity 
concentration Ne in the epitaxial layer 42, the width wb extending to the side of the substrate 41 of the 
junction depletion layer between the substrate 41 and the epitaxial layer 42 is determined by: 

wb 2 = 2K £ (Vc + V 0 )/(qNb(1 +Nb/Ne)) (2) 

Incidentally, K is the dielectric constant of the silicon, e is the vacuum dielectric constant, Vc is the 
application voltage in the electrochemical etching, V 0 is the barrier voltage at 0 bias between the epitaxial 
layer 42 and the substrate 41, q is the electric charge amount of electron, and an assumed value is used for 
Ne. (Determination of the impurity concentration and the depth of the P + region 43) 

The depth d of the P + region 43 for constituting the piezoresistance regions 13a, 13b, 14a, 14b, 15a, 
15b, 16a, 16b can be determined beforehand, which is 1.0 urn in this case. The impurity concentration in 
the P + region is formed to be a concentration which is higher than that in the n-type epitaxial layer 42 by 
not less than one digit. The reason thereof is that the junction depletion layer between the P + region 43 and 
the n-type epitaxial layer 42 is suppressed to extend to the side of the P + region 43, so as to reduce the 
change in the resistance value of the P + region 43 due to the electric potential change in the epitaxial layer 
42 and the like. Incidentally, if the impurity concentration in the P + region 43 is too high, there are such 
harmful influences that its resistance value becomes small, the electric resistance of the aluminum wiring 
arrangement and the like cannot be neglected, and the temperature rising due to the increase in current 
also becomes impossible to neglect, while if the impurity concentration in the P + region 43 is too low, there 
are generated such harmful influences that the resistance noise of each piezoresistance increases, the ratio 
of the signal current to the leak current increases, and the S/N ratio increases. Because of these facts, in 
this case, the impurity concentration in the P + region 43 is 1 x 10 20 atoms/cm 3 . 

Therefore, in this case, it is assumed that ail of the junction depletion layer between the P + region 43 
and the epitaxial layer 42 extends to the side of the epitaxial layer 42. 

(Determination of the impurity concentration in the epitaxial layer 42) 

The effective thickness w of the epitaxial layer 42 just under the P + region 43 is one obtained by 
subtracting the depth d of the P + region 43 from the thickness we of the epitaxial layer 42. 

When the junction depletion layer DL between the P + region 43 and the epitaxial layer 42 arrives at the 
back face of the thin thickness distortion-causing portions 5-8, the large increase in the leak current and the 
noise voltage is generated as described above, so that in order to prevent it, it is necessary that the width 
wdl of the junction depletion layer DL is smaller than w = we-d = T-wb-d. 

The width wdl of the junction depletion layer DL can be calculated by the following equation: 



wdl 2 = 2K£(Vcc+Vq) / (qNe (1+Ne/Np) ) 

= 2Ke(Vcc+Vo)/(qNe)<(we-d) 2 ... 



(3) 



therefore 
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Ne = 2Ke(Vcc+VQ) / (qxwdl 2 ) 

> 2Ke(Vcc+Vo)/(q(we-d) 2 ) ...(4) 

Incidentally, Np is the impurity concentration in the P + region 43, and Ne is the impurity concentration 
in the N-type epitaxial layer 42. It is preferable that wdl has a value which is smaller than the effective 
thickness w of the beam thickness by 1 urn taking safety into consideration. 

jo Incidentally, in the above-mentioned calculation, if Ne assumed in the stage of (Determination of the 
thickness of the epitaxial layer 42) is greatly different from Ne determined herein, it is sufficient to correct 
the assumed value of Ne again to try the calculation again. 

One example of a set of dimensions calculated in such a manner is described hereinafter. 

The application voltage Vcc is 12 V, the impurity concentration in the substrate 41 is about 3 x 

ts 10 1 7 atoms/cm 3 , the impurity concentration in the epitaxial layer 42 is about 7 x 10 15 atoms/cm 3 , the impurity 
concentration in the P + region 43 is about 1 x 10 20 atoms/cm 3 , the thickness T of the thin thickness 
distortion-causing portions 5-8 is about 5.3 urn, the depth of the P + region 43 is about 1.0 um, and the 
junction depletion layer Wdl is about 1.5 um. 

Next, experiment results for confirming the above-mentioned increase in the leak current are shown in 

20 Fig. 16 and Fig. 17, and the reason thereof will be explained on the basis of an illustrative cross-sectional 
view of Fig. 18 and a figure of a simplified equivalent circuit shown in the same figure together. However, 
measurement was done using a sample of Fig. 18. In this device, the impurity concentration in the substrate 
41 was about 3 x 10 17 atoms/cm 3 , the impurity concentration in the epitaxial layer 42 was about 7 x 10 15 
atoms/cm 3 , and the impurity concentration in the P + region 43 was about 1 x 10 20 atoms/cm 3 , wherein the 

25 thickness T of the thin thickness distortion-causing portion 5 was about 2.5 um which was approximately 
the same as the thickness of the epitaxial layer 42, and the depth of the P* region 43 was about 1.0 um. In 
addition, the n + region for fixing the electric potential was provided on the surface of the epitaxial layer 42. 

A variable Vcc was applied between it and the P + region 43, and the leak current was investigated. 
According to Fig. 16 showing the result thereof, when Vcc which allows the forward end of the junction 

30 depletion layer to approach the back face is applied, namely from the point a at which Vcc exceeds 1 1 V, 
the leak current begins to conspicuously increase, and breakdown of the PN junction takes place at 30 V. In 
the meantime, the width (calculated value) at the side of the epitaxial layer 42 of the junction depletion layer 
between the epitaxial layer 42 and the P + region 43 at Vcc = 11 V in the case of above-mentioned 
dimensions is about 1 .5 um. 

35 Next, using three samples A, B and C, the relation between the leak current and the dispersion in the 
bridge output voltage was investigated. The result thereof is shown in Fig. 17. However, details of the 
samples A, B and C are as follows. Dimensions are the same as those as described above. However, the 
thickness of the thin thickness distortion-causing portion was 3.5 um for A, 3.0 um for B, and 2.5 um for C. 
According to Fig. 17, it is understood that when the leak current begins to rapidly increase, the 

40 dispersion in the output voltage of the bridge rapidly increases. 

As described above, it has been found that when the junction depletion layer arrives at the back face of 
the thin thickness distortion-causing portion 5, the current flows in the order of the N + region for fixing the 
electric potential, the epitaxial layer 42, the substrate 41, the back face channel, the junction depletion layer, 
the P + region 43 and the like, the leak current increases, and the bridge output voltage disperses. In 

45 addition, the noise voltage also of course increases. 

Therefore, as in the present example, the impurity concentration Ne in the thin thickness distortion- 
causing portion (epitaxial layer 42) is made not less than 2Ke(Vcc + V 0 )/(q(we-d) 2 ), thereby at the rated 
voltage Vcc of the sensor, the junction depletion layer between the piezoresistance region and the thin 
thickness distortion-causing portion cannot arrive at the PN junction at the back face side of the thin 

so thickness distortion-causing portion, and consequently the leak current as described above in detail 
becomes extremely small. Thus, the improvement in the sensor sensitivity by the thin thickness formation in 
the distortion-causing portion can be realized in a state in which the change in the output voltage depending 
on the magnitude of the leak current and the decrease in the S/N ratio are suppressed while well 
maintaining the conformity with peripheral circuits such as for example a power source unit and the like. 

55 
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(Modified embodiment 1) 

In the above-mentioned example, the impurity concentration in the P-type substrate 41 is made 
constant, and the thickness of the epitaxial layer 42 is set taking the depletion layer width wb into 
5 consideration, however, instead thereof, it is also preferable that a P + layer (for example, not less than 10 18 
atoms/cm 3 ) is provided on the surface of the P-type substrate 41 . 

By doing so, the extending amount of the junction depletion layer which extends from the junction plane 
between the epitaxial layer 42 and this P + layer toward the side of the P + layer becomes extremely small, 
and consequently the etching can be regarded to stop approximately at the above-mentioned junction 
w plane, therefore the thickness of the substrate 41 can be regarded as a necessary depth for the etching, 
and the operation becomes easy. Further, it is possible to reduce the width of the junction depletion layer 
extending to the side of the substrate 41 either by making the application voltage small, or by making the 
impurity concentration in the P-type substrate 41 thick, and the same effect as the above can be provided. 

75 (Modified embodiment 2) 

Another modified embodiment will be explained on the basis of Fig. 19. 

In this example, a thin n + epitaxial layer (depletion layer stopper region) 70 is formed between the n- 
type epitaxial layer 42 and the p-type substrate 41 . 
20 By doing so, the junction depletion layer between the P + region 43 and the epitaxial layer 42 is cut off 
by this n + epitaxial layer 70, which cannot arrive at the back face junction portion 72 of the thin thickness 
distortion-causing portion 5, and consequently it is possible to suppress the increase in the leak current and 
the increase in the noise voltage. 

This n + epitaxial layer 70 can be formed when the impurity doping amount is increased at the initial 
25 stage of the epitaxial layer 42. In addition, it is also preferable that an n-type impurity having a diffusion 
speed faster than that of the impurity in the P + substrate 41 is doped beforehand on the surface of the P + 
substrate 41 , so as to form by auto-doping in the epitaxial step for the epitaxial layer 42. 

Incidentally, the impurity concentration in the n + epitaxial layer (depletion layer stopper region) 70 is not 
less than 5 x 10 16 atoms/cm 3 , preferably 1 x 10 17 to 1 x 10 20 atoms/cm 3 . 

30 

Second example 

Next, an integrated semiconductor pressure sensor, in which the second example of the present 
invention is applied, will be explained in accordance with drawings. 
35 In Fig. 20, a silicon chip 100 is joined onto a pedestal 110 having a hole opened composed of Pyrex 
glass, and the pedestal 110 is joined onto a stem 120. 130 is a metallic can which is welded to the 
peripheral portion of the stem 120 so as to make the interior to be an air-tight standard pressure chamber 
S. 

Inner ends of terminal pins 140 fixed to hole portions of the stem 120 by seal glass are individually 
40 connected to each of bonding pads (not shown) on the silicon chip 100 by means of wires 150. A concave 
groove 100a is dug and provided at the back face of the silicon chip 100, and a pressure subjected to 
measurement is introduced into the concave groove 100a through holes 110a, 120a for introducing the 
pressure subjected to measurement which are provided by penetrating through the pedestal 110 and the 
stem 120, respectively. 

45 The above-mentioned concave groove 100a is formed by anisotropic etching as described hereinafter, 
and a thin thickness portion of the silicon chip 100 adjoining the concave groove 100a is referred to as the 
thin thickness distortion-causing portion A hereinafter. 

On this silicon chip 100 are formed a Wheatstone bridge circuit comprising two pairs of piezoresistance 
regions (two individuals are shown in Fig. 21) R, and a bipolar integrated circuit for constituting an 

so amplification circuit for amplifying its output signal and a temperature compensation circuit. 

The structure of the semiconductor pressure sensor of the present example will be explained 
hereinafter with reference to Fig. 21 and Fig. 22 showing cross-sections of the silicon chip 100. However, 
Fig. 21 is a cross-sectional view at a portion of the piezoresistance regions R, and Fig. 22 is one at a 
portion in which there is no piezoresistance region R. Incidentally, in Fig. 21, at the surface portion of the 

55 thin thickness distortion-causing portion A, actually a pair of the piezoresistance regions R are formed at the 
peripheral portion of the thin thickness distortion-causing portion A, and a pair of the piezoresistance 
regions R are formed being located at the central portion, however, in Fig. 21, only the piezoresistance 
regions R, R at the peripheral portion of the thin thickness distortion-causing portion A are illustrated. 
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The silicon chip 100 has a P-type semiconductor substrate 102 in which the crystal axis is inclined by 
several degrees with respect to the (110) plane or the (100) plane, and at the surface portion of the 
semiconductor substrate 102 are formed a plurality of N~ epitaxial layer regions 131, 132, 133 separated 
with each other by P + separation regions 103. The epitaxial layer region 131 constitutes the surface layer 
5 region as referred to in the present invention, and the epitaxial layer regions 132, 133 constitute the active 
regions as referred to in the present invention. 

The above-mentioned two pairs of piezoresi stance regions R are formed at the surface portion of the 
epitaxial layer region 131, and bipolar transistors T1, T2 are individually formed at the epitaxial layer regions 
132, 133. Each of these bipolar transistors constitutes a first stage transistor of a differential amplifier. Of 
10 course, on the surface of the silicon chip 100 are formed other epitaxial layer regions (not shown) isolated 
and separated with each other by the P + separation regions 103, and resistors and other transistors are 
formed in these epitaxial layer regions. And the P + separation regions 103 are connected to the P-type 
semiconductor substrate 102, to provide PN junction separation of each of the epitaxial layer regions 131, 
132, 133... with each other. 

75 Between the bottom face 131a of the epitaxial layer region 131 and the bottom face of the concave 
groove 100a is formed a coating region 104 having a predetermined thickness composed of the semicon- 
ductor substrate 102, and this coating region 104 and the epitaxial layer region 131 coated by this coating 
region 104 constitute the thin thickness distortion-causing portion A as referred to in the present invention. 
Additionally, 105 is aluminum wires for connecting each one end of the piezoresistance regions R to 

20 each one end of the bipolar transistors T1, T2, being formed on a silicon oxide film 106. The aluminum wire 
105 is contacted with the piezoresistance region R and each of other contact portions through openings of 
the silicon oxide film 106. 107 is a passivation film composed of a plasma nitride silicon film, and 107a is an 
opening for wire bonding. 

As shown in Fig. 22, an N + contact region 1 81 is formed on the surface of the N~ epitaxial layer region 

25 131, and an aluminum wire 182 having one end connected to the N + contact region 181 is provided and 
extended on the chip peripheral region. In addition, an opening 107b is provided in the passivation film 107 
on the chip peripheral region, and the aluminum wire 182 exposed from this opening 107 is used as an 
electrode during the electrochemical etching. Incidentally, . it is preferable that this opening 107b is coated 
and protected with an insulation film such as polyimide or the like after the electrochemical etching and 

30 before the wafer scribing, or it is also preferable that the region is exactly used for an electrode pad for 
fixing the electric potential which fixes the island electric potential of the epitaxial layer region 131 at the 
highest electric potential (Vcc) of the circuit. 

In addition, the P + separation region 103 is contacted by an aluminum wire 183, thereby the P + 
separation region and the P-type semiconductor substrate 102 are fixed at the lowest electric potential 

35 (grounding) of the circuit. 

The thin thickness distortion-causing portion A is distorted due to a differential pressure applied to the 
thin thickness distortion-causing portion A, and the piezoresistance region R makes displacement which is 
detected by the bridge circuit, which is the same as in the prior art. 

Production steps for this sensor will be explained hereinafter with reference to Fig. 21 . 

40 At first, the P substrate 102 is prepared, an N + embedding region 171 is diffused, the N-type epitaxial 
layer is subjected to epitaxial growth, and each of the piezoresistance regions R, the transistors T1, T2, 
resistors and the like are formed. Namely, using an ordinary production process for bipolar integrated 
circuits, the piezoresistance regions R, the P + separation regions 103, the NPN transistors T1, T2, and each 
of the resistors are formed, and then formation of the silicon oxide film 106, formation of its contact 

45 opening, formation of the aluminum wire 105, formation of the P-SiN passivation films 107, 108, and 
formation of the opening 107a for wire bonding of the sensor chip and the opening 107b for the 
electrochemical etching are successively performed. 

Next, the plasma nitride film (P-SiN) 108 on the surface of the planned region for the formation of the 
concave groove 100a is selectively opened. 

so And this wafer 40 is electrochemically etched, and the formation of the concave groove 100a is 
performed. Incidentally, this electrochemical etching is carried out in the same manner as the steps shown 
in Fig. 10 and Fig. 11 as described above, which is performed, for example, by applying a predetermined 
voltage Vc (10 V in this case) between a feeder electrode (the above-mentioned aluminum wire 182) which 
is necessary during the electrochemical etching and a counter platinum electrode in an etching tank. At the 

55 final period in the electrochemical etching, when the etching arrives at the vicinity of the junction portion 
between the substrate 102 and the epitaxial layer region 131, an anodic oxidation film (not shown) is 
formed, and the etching speed is markedly reduced, so that the etching stops at the vicinity of the junction 
portion. 
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And the plasma nitride film (P-SiN) 108 is removed by etching, subsequently the wafer 40 is subjected 
to dicing to make a chip. As shown in Fig. 20, this chip is joined onto the pedestal 110 by means of the 
electrostatic joining method, and wire bonding 150 is performed. 

As described in detail in the above-mentioned first example, the thickness of the thin thickness 

5 distortion-causing portion A after the etching is equal to the sum of the thickness of the epitaxial layer 
region 131 and the depletion layer width wb extended to the side of the P substrate 102 depending on the 
voltage Vc applied during the etching. Therefore, without changing the semiconductor production process, 
namely without changing the thickness of the epitaxial layer which constitutes each semiconductor device, it 
is possible to obtain the thin thickness distortion-causing portion A having a precisely desired thickens 

70 simply by controlling the application voltage Vc during the electrochemical etching. 

Moreover, it is easy to obtain the coating region 104 having the thickness sufficient to protect the back 
face 131a of the epitaxial layer region 131 from contamination and minute wounds which may be a factor to 
decrease the sensor S/N ratio during the use of the sensor. 

Further, in the present example, the impurity concentration in the substrate 102 is 1 x 10 15 atoms/cm 3 , 

t5 the impurity concentration in the epitaxial layer region 131 is 2 x 10 15 atoms/cm 3 , and the maximum rated 
voltage (maximum value of the voltage permitted to use) Vcc applied between the epitaxial layer region 131 
and the substrate 102 is set to be smaller than the etching voltage Vc. Therefore, the PN junction depletion 
layer width extending to the side of the semiconductor substrate 102 is made by the etching voltage Vc 
larger than the PN junction depletion layer width extending to the side of the above-mentioned semiconduc- 

20 tor substrate 102 during the application of the maximum rated voltage Vcc of the semiconductor sensor. By 
doing so, even in the case of application of the maximum rated voltage Vcc of the semiconductor sensor, 
the forward end of the above-mentioned depletion layer does not arrive at the surface of the contaminated 
coating region 104. Therefore, there is no case in which the dark current (leak current) of the depletion layer 
flows into the epitaxial layer region 131 to become the noise current, and it is possible to achieve a high 

25 S/N ratio as a sensor. 

(Modified embodiment) 

In the case of the sensor of the present second example as explained above, the N + contact region 181 
30 is formed on the surface of the epitaxial layer region 131, and this N + contact region 181 is communicated 
with the aluminum wire 182 to feed the electricity, however, it is also available that the electricity is fed to 
the epitaxial layer region 131 through an aluminum wire (or a polysilicon wire) connected to the piezoresist- 
ance region R. In addition, an N + embedding region may be formed at the bottom face 131a of the epitaxial 
layer region 131. 

35 In addition, when plural types of semiconductor distortion sensors which are different in the thickness of 
the thin thickness distortion-causing portion A are produced by changing the etching voltage Vc with 
respect to each of wafers formed in the same semiconductor production steps, the plural types of sensors 
having different characteristics can be produced only by means of the voltage value control during the 
electrochemical etching without changing semiconductor production steps one by one, so that there is 

40 provided such an excellent effect that the plural types of sensors can be produced by means of simple 
production steps. 

As described above, the explanation has been made for the monocrystal silicon substrate in the above- 
mentioned first and second examples, however, it is a matter of course that the application can be made to 
other semiconductor materials. In addition, it is a matter of course that the application can be made to 
45 capacity type acceleration sensors as the semiconductor distortion sensor. 

Further, it is also possible to carry out such that each of the design concepts of the first example and 
the second example is combined. 

Claims 

50 

1. A production method for semiconductor dynamic sensors comprising following steps: 

a step in which a semiconductor member in which a first conductive type semiconductor portion 
and a second conductive type semiconductor portion form a PN junction is immersed in an etching 
solution, and said second conductive type semiconductor portion is subjected to electrochemical 
55 etching so as to form a thin thickness shaped distortion-causing portion, and 

a step in which the thickness of said distortion-causing portion is set to be a thickness in which in 
addition to a thickness of said first conductive type semiconductor portion, a width of a depletion layer, 
which extends from said PN junction to the side of said second conductive type semiconductor portion 
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during said electrochemical etching, is estimated. 

2. The production method for semiconductor dynamic sensors according to claim 1 further comprising a 
step in which said depletion layer width is controlled by the magnitude of the voltage to be applied to 

5 said first conductive type semiconductor portion during said electrochemical etching. 

3. The production method for semiconductor dynamic sensors according to claim 2 wherein said step of 
controlling the depletion layer width is a step in which a voltage larger than a maximum rated voltage in 
the actual use of the semiconductor dynamic sensor is used as said application voltage during said 

w electrochemical etching. 

4. A production method for semiconductor dynamic sensors comprising following steps: 
a step of preparing a wafer in which a monocrystal semiconductor layer of the first conductive type 

of a predetermined thickness is formed on a monocrystal semiconductor substrate of the second 
conductive type; 

a step of forming a semiconductor distortion detecting means in the monocrystal semiconductor 
layer; 

a step of forming a thin thickness portion having a thickness T by immersing the wafer in an 
etching solution to oppose said monocrystal semiconductor substrate of the second conductive type to 
an electrode, and applying a voltage between said monocrystal semiconductor layer of the first 
conductive type and said electrode to perform electrochemical etching of said monocrystal semicon- 
ductor substrate of the second conductive type; and 

a first setting step of setting said predetermined thickness W of said monocrystal semiconductor 
layer of the first conductive type using 

W = T-(2K£(Vc +V 0 )/(qNb(1 + Nb/Ne))) 1/2 

provided that the dielectric constant of the monocrystal semiconductor is K, the vacuum dielectric 
constant is c, the application voltage during the electrochemical etching is Vc, the barrier voltage at 0 
30 bias is V 0 , the electric charge amount of electron is q, the impurity concentration of said semiconductor 
substrate is Nb, and the impurity concentration in said semiconductor layer is Ne. 

5. The production method for semiconductor dynamic sensors according to claim 4 wherein said step of 
forming the semiconductor distortion detecting means is a step in which a second conductive type 

35 diffusion layer is formed in said monocrystal semiconductor layer. 

6. The production method for semiconductor dynamic sensors according to claim 5 wherein said step of 
setting the thickness of the monocrystal semiconductor layer includes a second setting step in which 
the depletion layer which extends from the PN junction between said diffusion layer and said 

40 monocrystal semiconductor layer to the side of said monocrystal semiconductor layer is suppressed to 
arrive at said semiconductor substrate during the actual use of the semiconductor dynamic sensor. 

7. The production method for semiconductor dynamic sensors according to claim 6 wherein said second 
setting step is a step in which the impurity concentration in said monocrystal semiconductor layer is 

45 controlled. 

8. The production method for semiconductor dynamic sensors according to claim 7 wherein the impurity 
concentration Ne in said monocrystal semiconductor layer is set to be a concentration which is higher 
than 

50 

2te(Vcc + V 0 ) / (q(w - d) 2 ) 

provided that Vcc is the maximum rated voltage which is applied between said diffusion layer and said 
monocrystal semiconductor layer during the actual use of the semiconductor dynamic sensor, and d is 
55 the diffusion depth of said diffusion layer. 

9. The production method for semiconductor dynamic sensors according to claim 4 wherein the voltage 
Vc applied during said electrochemical etching is made larger than the maximum rated voltage Vcc 
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during the actual use of the semiconductor dynamic sensor. 

10. An etching method for semiconductor devices in which a semiconductor member in which a first 
conductive type monocrystal semiconductor portion and a second conductive type monocrystal 

5 semiconductor portion form a PN junction is immersed in an etching solution to allow said second 
conductive type monocrystal semiconductor portion to oppose an electrode, a voltage is applied 
between said first conductive type monocrystal semiconductor portion and said electrode to perform 
electrochemical etching of said second conductive type semiconductor portion, and said etching is 
stopped at said PN junction portion, wherein the etching method for semiconductor devices is 

io characterized in that 

a depletion layer width of said PN junction portion which extends to the side of said second 
conductive type monocrystal semiconductor portion is controlled to be a size in which a necessary 
depth for said etching is subtracted from a thickness of said second conductive type monocrystal 
semiconductor portion. 

75 

11. A production method for semiconductor distortion sensors characterized in that 

a fist conductive type epitaxial layer is formed to have a predetermined thickness on the surface at 
the first main face side of a second conductive type semiconductor substrate, 

a second conductive type piezoresi stance region is formed at a predetermined region in said 
20 epitaxial layer, 

an etching planned region at the second main face of said semiconductor substrate is exposed, 
said semiconductor substrate is immersed in an etching solution, and said epitaxial layer is 
protected from said etching solution, 

a predetermined etching voltage is applied between an electrode opposing the second main face of 
25 said semiconductor substrate and said epitaxial layer so as to perform etching of said etching planned 
region, thereby a thin thickness distortion-causing portion, which comprises a coating region comprising 
a predetermined thickness of said semiconductor substrate and the epitaxial layer having its bottom 
face coated with said coating region, is formed, and 

said etching voltage is used to make a PN junction depletion layer width extending to the side of 
30 said semiconductor substrate to be equal to the thickness of said coating region. 

12. The production method for semiconductor distortion sensors according to claim 11 wherein said 
etching voltage is used to make the PN junction depletion layer width extending to the side of said 
semiconductor substrate to be larger than a PN junction depletion layer width extending to the side of 

35 said semiconductor substrate in the case of application of the maximum rated voltage. 

13. The production method for semiconductor distortion sensors according to claim 11 wherein said 
etching voltage is changed with respect to each of wafers formed in the same semiconductor 
production steps, thereby plural types of semiconductor distortion sensors which are different in the 

40 thickness of said thin thickness distortion-causing portion are produced. 

14. A thin type semiconductor dynamic sensor which is provided with a thin thickness distortion-causing 
portion composed of a first conductive type monocrystal semiconductor in which at least one end is 
supported by a semiconductor substrate and its thickness is not more than 15 urn, and a piezoresist- 

45 ance region portion which is formed at the surface portion of said thin thickness distortion-causing 
portion and is composed of a second conductive type semiconductor having an impurity concentration 
of a concentration which is higher by not less than one digit than that of said thin thickness distortion- 
causing portion, in which a predetermined rated voltage is applied between one input end of said 
piezoresistance region portion and said thin thickness distortion-causing portion and the other input end 

so of said piezoresistance region portion so as to detect a change in the resistance value of said 
piezoresistance region portion, wherein the semiconductor dynamic sensor is characterized in that 

said thin thickness distortion-causing portion has the impurity concentration of a concentration 
which is higher than 2Ke(Vcc + VoJ/qO/V-d) 2 provided that K is the dielectric constant of said thin 
thickness distortion-causing portion and said piezoresistance region portion, c is the vacuum dielectric 

55 constant, Vcc is said rated voltage, V 0 is the barrier voltage between said thin thickness distortion- 
causing portion and said piezoresistance region at 0 bias, q is the electric charge amount of electron, 
W is the thickness of the thin thickness distortion-causing portion, and d is the depth of said 
piezoresistance region. 
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15. A semiconductor dynamic sensor which is provided with a thin thickness distortion-causing portion 
composed of a first conductive type monocrystal semiconductor in which at least one end is supported 
by a semiconductor substrate, and a piezoresistance region portion which is formed at the surface 
portion of said thin thickness distortion-causing portion and is composed of a second conductive type 

5 semiconductor, in which a predetermined rated voltage is applied between one input end of said 
piezoresistance region portion and said thin thickness distortion-causing portion and the other input end 
of said piezoresistance region portion so as to detect a change in the resistance value of said 
piezoresistance region portion, wherein the semiconductor dynamic sensor is characterized in that a 
first conductive type depletion layer stopper region of a high concentration is arranged at the back face 

w portion of said thin thickness distortion-causing portion. 

16. A semiconductor distortion sensor which is provided with a second conductive type semiconductor 
substrate, a first conductive type surface layer region which is formed at the surface portion of the first 
main face side of said semiconductor substrate to have a predetermined thickness and has a second 

t5 conductive type piezoresistance region at the surface portion, and a thin thickness distortion-causing 
portion which is formed by electrochemical etching from the second main face side of said semicon- 
ductor substrate and contains said surface layer region, wherein the semiconductor distortion sensor is 
characterized in that said thin thickness distortion-causing portion is composed of said surface layer 
region of a predetermined thickness, and has a coating region which coats the bottom face of said 

20 surface layer region and is exposed to said second main face side. 

17. The semiconductor distortion sensor according to claim 16 wherein the thickness of the coating region 
is larger than a width of a junction depletion layer which is formed between said surface layer region 
and said semiconductor substrate during the application of the maximum rated voltage, and extends to 

25 the side of said semiconductor substrate. 
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FIG. 14 
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FIG. 16 
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FIG. 18 
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